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^THE 



PREFACE. 



Tttt deiign of the following 
Treatife is, to prefent to the 
jpViblic a comprehenfive view of the 
prefent ftatie of Ele<9:ricit)r, reduced 
into ais fmall a conipafs as the na- 
ture of the fcienCe would admit. 
It is divided into four parts, in each 
of which ate contained fuch par- 
ticulars, as had lefs connedion with 
the reft ; and the diftin<a view of 
which, it Was thought, might be a 
means of preventing a confufion of 
ideas in the minds of thofe readers, 
a 3 who 
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n PREFACE. 

who before have not been much 
Goriverfaiit with theTu1>je(ft. 

The firft part treats of the laws 
of Electricity onl)r; /. e. of fuch 
natural laws concerning Ele^ftricity^ 
as by r innumerable experiments^ 
, have been found uniformly" true, 
and are independent on any hypo- 
thefis. In this part, the Autbof 
has jiQJt defcended to any particu- 
iars> which were not clearly afcer- 
tained,.. or which were inconfidera- 
h\e ; but he has, at the fame time^ 
taken care not to omit any thing^ 
material, or which feenied to pro- 
mifp future difcovecies* 

The, fecond part is merely hy- 
pptIv?ticaU relating not to fads^ 
but tp. opinions. The great im- 
probability -of mpft of thcfe hypor 

thefe* 
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P R E F A C I. vii 

thcfcs determined the Author to 
render this part of his work As 
fliort as poflible. 

The third part contains the 
practical branch of Eledricit^. 
tterfe the Author has taken care to 
iniert a defcription of all the new 
iibprovements in the apparatus ; 
tvhicli fcrvc tp leflfen the expcnce 
of it> and at the feme tinle^ to fa- 
tilitate the performance of the ex*- 
periments. As to the experiments 
themfelves, he has chieflj infifted 
oil a few principal ones, whith 
feemed ihoft neceffary to illuftrafe 
and confirm the laws ojf EleiSlri- 
city ; omitting a great nun&ber of 
others, which he has met with, as 
they appeared to be only variations 
of the former, He has h&weVtt 
' given an account of fome others, 

a 4 which, 
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which, though not abfolutely ne* 
ceffary, feemed very deferving of 
notice. 

The fourth part contains a brief 
account of the principal experi- 
ments, which have been made by 
the Authoi* himfelf, in purfuance 
of what occurred to him in the 
courfe of his ftudies in this branch 
of pkilofophy. In this part he has 
omitted to mention, not only thofc 
attempts, which did not produce 
any. condderable effe<9:, but alfb 
the innumerable conjedures he 
formed about them and others, 
|iot yet brought to the teft of ac- 
tual obfervatton. 

The fifth part contains the prac- 
tice of Medical Eledricity, which 
wa« formerly printed by itfelf. 

The 
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PREP ACS. it 

The Author takes this oppof ttt^ 
nity of acknowledging the oblige 
tions he is under to feveral of his 
ingenious friends, for variotM expe-^ 
riments, and remarks, communicate 
ed by them ; and particularly to 
the late Mr. WilliaJh Henly, who 
did as much as laid in his power to 
inform him of every particular; 
which he thought would enrich and 
embelliih the work. 

It was deemed unneccffary to 
point out thofe gentlemen, whole 
experiments and obfervations intro^ 
duced in this work, were before 
well known to the world ; for 
which rcafon the Author has con- 
fined himfelf to the mention of the 
names of thofe perfbns, whofe ex- 
periments were new, or not com- 
monly 
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« f R E f A C S* 

toonly noticed by th^ .Writcfi dtt 
this fubjed, 

Thi^ third edition is ^Miched 
by various interefting ^atticuhn in 
various parts of the work, and ef« 
pecially in the appendi:ic, which 
contains many articles entirely 
aew. 

To render the Trcatife more in* 
telligible and ufeful, five copper^ 
|>]ates are added to it 5 and a co- 
pious index of the particularswhich 
are moft deferving of attention. 



THE 
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INTRODUCTION. 



AR T $ 9ad f0pnc€9p hke Itingdoneif 

ioQiQ bappy period ^ glory an4 fplendorn 
m which thcjr more than ci»er attraA the 
bmnan attention, and» by cofting a iironger 
light; than at other time$^ beomie the fa-^ 
voorite oh]^^ ao4 piirAilt of the ?g^ i hut 
thele period^i v^fyon Qv«r> aod » few yeam 
of liiftre and fgmc ^re oft^n ovorh^Uoced 
by centuries of pblivioQ. From under- 
going thi$ fates fm»Q icience^ are> however^ 
excepted* whidb* owing tp the vaft and ne«* 
cefliry extent of their uj(e» ^nd to the 
fruitfnlnefs of their prodv^iPQ^* are ever 
fiouriihing i and 9}tho9gh once unknown^ 
yet when hm& h^d proclainited their birth» 
or pnUiO^ed their advanceocient, they ne« 
ver afterwards declined » Of this kind is 
^le^ricity, one of the moft plet^fing and 

b furprifing 
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xvui INTRODUCTION, 

furprifing among all the branches of naturd 
philofophy that ever were cultivated by 
man. This fcience, after 4t began to fhevsr 
the extent ' and generality of its power ; 
after it was known to be one of the greateft 
agents of nature ; .remained always ia 
vogue, was profitably cultivated, irremit- 
tedly advanced, and is now brought to a 
ftate, in which, inftead of becoming fterilc, ' 
it feems further to engage the general at- 
tention, and to promife to its followers more 
munificent rewards. Optics, indeed, fhews 
many enchanting andlifeful properties,' but 
concerning vifion only;, Magnetifm exhi- 
bits the force of attraction, repulfion, and 
polarity in that fubftance called a Magnet: 
but Eleftricity, containing, as it were, all 
within its power, alone exhibits the effedis 
of many fciences, combines together diffe- 
rent powers, and, by ftriking the fenfes in a 
particular and furprifing manner, affords 
pleafure, and is of ufe to the ignorant as 
well as the philofopher, the rich as well as 
the poor. In Eled:ricity, we are pleafed 
with beholding its penetrating light, ex- 
hibited in numberlefs different forms ; wa 
admire its gttradlion^ and repulfion, ading 

upoo 
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INTRODUCTION, xlx 

upon every kind of body ; we are furprifed 
,by the fhock, terrified by the explofion and 
force of its battery; but when we confider 
and examine it as the caufe of thunder, 
lightning, aurora borealis, and other appear- 
ances of nature, whofe direful efFed:s we 
can in part imitate, explain, and even avert, 
we are then involved in a maze, that leaves 
nothing to contemplate but the inexpref- 
fible and permanent idea of admiration and 
wonder. 

The earlieft account we have of any 
known elecftrical efFecft, is by the famous 
antient naturalift Theophrastus, who 
flourifhed about 300 years before the prc- 
fent era. He tells us that amber (whofe 
Greek name is ^jAkr/oov, and from whence 
the name EleSlricity is derived) as well as 
the lyncurium*^ has the property of at- 
tracting light bodies. This was all that 
was known of the fiibjed:, for about fif- 

* It hath been in a manner proved, that the lyncu* 
rium of Theophrastus is the very fame fubftance 
that now goes under the name of Tourmalin \ of which 
we (hall have occafion to fpeak in the courfe of this 
Trcatifc. 

h% teen 
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XX INTRODUCiriOrl. 

fccn centaries after TfttoPHiAsTtrs ; IH 
which long pferiod we find no tfientidti hi 
hiftoiy of any ptt6m htiving made any '^^ 
covcries, nor even any experiments in this 
branch of philofophy ; the icience rettiatn- 
ing quite in the dait till the thtte ttf Wm. 
Gilbert, an Englifii phyfidan^ whofe 
work Je zuagnete, which contains feveriil 
eledrical experiments^ was pufolilhed in the 
year 1600 ; and who, for his difiro^eries in 
this new and uncultivated field, may be 
juftly deemed the' father of the prefent 
Elcaricity. He obfcfi^ed, that the pro- 
perty of attraaihg light bodies, after rub- 
bing, was not pecnliar to amber, or the 
fyncurium ; but that mahy other bodies pof- 
feiTed it as well at^ amber. He mentions a 
great number of thofe, together With mafty 
particulars, which, confidering the ftate of 
the fcience at that time, mtfy bfc deemed 
truely great and interefting. 

After Gilbert, the fcience advaocfng, 
although by fmall degrees, pafled; ais k 
were, from infancy to puerility > many an 
excellent philofopher undertaking to ex- 
amine naturp in this walk : fuch was Sir 
7 Francis 
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INTRODUCTION. 

FitAKCis Bacon, Mn Boyle, Ott^ 

OtTEftiCKB:, Sir Isaac Nemttoii, and 
moHofall Mr« HAWKirsB^Et:, a perfiM«# 
whom we are much indebted fbr tnany Mi**- 
portant diicoveries, and a real advancement 
of Eledrichy. Mr* Hawksssee whs the 
Uttt who obferved die gTC« cfeAttc poiwt 
of glafs; a faMlance, that, fince hts titn^ ' 
has been genefafly ufed hy aH Etedricians^ 
in preference to any other eicAric, He 
firft remarked various appearances of the 
eledric light, and the noife accompaniel 
with it, together with a variety of pbeno* 
mena relating to eletftric attradion and re- 
pulfion. 

After Mr. Hawkesbei^ the fciencc of 
Eledricity, however hitherto advanced, re* 
mained for about twenty years in a *ftaie of 
quiefcence, the attention of philofophers 
being at that time eng^^gcd in other pW- 
lofophical fubjeds, which, on account of 
the new difcoveries of the incomparaWe 
Sir IsA'AC NfcwTo'N, were then greatly in 
repute, Mr. Orey was the firft, after this 
period of oblivion, to bring tlie fcience 
again to light. He, by his great difcove- 
ries, 
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Ties, re-introduced it to the acquaintance 
cf philofophers, and from him the true 
.flourifliing era of Electricity may be faid to 
take its date. 

The number of Ele(ftricians that hath 
been daily multiplying fince Mr. Grey, 
the difcoveries made, and the ufe derived 
from thofe, till the prefent time, are mat- 
ters really worthy of attention, and deferve 
to be admired by every lover of the fci- 
cnccs, and ' well-wiflier to the human 
race. 

Whoever would make himfelf acquainted 
with the particular tranfadions concerning 
thofe advances, (hould read the elaborate 
Hiftory of Eledricity compiled by the 
learned Dr. Priestley, a work that will 
inform him of whatever had bpen done 
relative to the fubjeft till its publication. 
I, for my part, muft forbear making any 
long hiftorical detail ; this treatife being 
intended to give an account of the prefent 
ilate of Eledricity, in a methodical man- 
ner, and not an hiflory of the fame. I fhall 
in general only obferve, that although the 

fcience 
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INTRODUCTION, xxiii 

fcience had, through the indefatigable at- 
tention ,o£ fo many ingenious perfbns, and 
by the difcoveries that were daily produced, 
excited the curiofity of philofophers, and 
engaged their attention ; yet, as the caufes 
of any t^iftg, whether fmall or great, 
known or unknown, are feldom much at- 
tended to, if their efFeds are not ftriking 
and lingular ; fo Eleftricity had, till the 
year 1746, been fludied by none but 
Philofophers. Its attraction could in part 
be imitated by a loadftone; its light by, 
a phofphorus ; and, in (hort, nothing con- 
tributed to make Eledricity the fubjedt of 
the public attention, and excite a general 
curiofity, until the capital difcovery of the 
vaft accumulation of its power, in 'what is 
commonly called the Leyden phiaU which 
was accidentally made in the memorable 
year 1745*. Then, and not till then, the 
ftudy of Eledricity became general, fur- 
prifed every beholder, and invited to the 

* This great difcovery was made by Mr. Von 
Kleist, Dean of the Cathedral in Comin, See the 
third edition of Dn Priestley's Hift, of Elefl:. 
Per. VIII. Sea. i. 

houfes 
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Ima^ of Eledrlckhs a; gre^^r amnJber of 
ipc&^torSiy tbao wem before^ si0^ml>kd tc^ 
gf^sther to o^ire any pbUafi)fiiikd exf^ii^ 
lBimt» whatfo^ver. 

StiKe the tia» (^ ibis diiccMm7» the prc>^ 
4%iQiiji Bumber of ElcxSbicmis^cxpef i^ 
«ad new fafta that have been daily proiiaced 
£rom every conp* ef Europe^ aod other 
pons of the worlds is aimed iocredifale* 
Difcoveries croud^d upon difccH^cf set ; im-^ 
proveoKtiits opon irapfovements ;; md the 
ickaocc ever finrb that time weal oo with 
&x rapid a coorfcj^ and is now ipreadiog fii 
amazingly hH, that it feems as if the ful>« 
5e(£t would be icon exhanfted^ and Ele^hri-- 
cians arrive at an end of their refearchea : 
but, however, the ne plus ultra is, in ail 
probahiiity, as yet at a great dtftance, and 
the young £le Arician has a vail field hefbi^ 
himv highly deferving his attention, and 
promifing - further difcoveries, perhaps 
equally, or more important than thofe al- 
ready made. 



ACoM- 
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COMPLETE TREATISE 
ON 

ELECTRICITY. 



PARTI. 

FUNDAMENtAL LAWS OP ELECTRICITlT. 



CHAP. I. 



Cbftfaintng tifg Explanation of fotne Terms 
principally ufed in EleSiricity. 

IF a perfon, heading with one of his 
hands a clean and dry glafs tube, rubs 
it with his other hand, alfo clean and dryv ' 
ftroking it alternately upwards and down- 
wards ; and after a few ftrokes» prefents to 
it fmall light bits of paper« thread, me* 

B tal. 
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2 ^ Complete Treatise 

ts^. or any q ther fubiftaflcer - ihe rub b cdT 
tube will immediately attrafl: them, and 
after a little time vy411 repel them — pre- 
fcntly, attraft them aj^ain j and fo alter- 
nately xx)ntmuc this attraftion, and repul- 
fion, for a confiderable time. If this tube 
be rubbed in the dark, and, after having 
. bcea r^bbeji^ ^ finger ie, nfe<ent€4 to it a( 
thc^diftancc of about hair an" inch, a lucid 
Ipark will be feen between the finger and 
the tube, accompanied with a fnapping noifej 
the finger at the fame time receiving a pufti,» 
as if it wa^ from aii rf\jinj^ with violence 
out of a fmall pipe. 

In this experiment^ the attradtion, re- 
pulfion, fparkling, &c. are the efFed:s of 
that unknowa caufe caUc d Elle3ricity ^ and 
' hente they are called eleSrical appe^rancesj^ 
"Jhicglaifs tube it/elf iscalfed the eleSlric, 
and all thofe bodies which arc capable by 
any s^pans tp pFodu?<; fuch cffcft^ arc 
^1^4 fJfUxics ; .aiifi aa tJp.e f ^ibbj^ig ttwa^e^^^ 
a& it, were, in them tfee ppw?r pf prpdu»; 
eiPjg el^^itrical appearances, t^y zfp th<^re^ 
fpf e feid to be excited by the rubbing*. The- 
haq4* ^9r any othjeir bo^y ;that rubs an. 
, lo cleftric^ 
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iifcad of lb* i>«r&ii r^bfeiag the giafs tabe, 
a machutt bp cjiaiftruy^ed paf^ble by any 
means to excite an elediric^ th.i$ ^^ill he an 
eleSirical machine. • . 

If iat, Hh? end of the tjibc opporue to 
tliat iield by the hand» f !ylre of ^f\^ lepgth 
he tied» fafpeiuiiog A (»etal)ic hfj;} at ita 
encU and the tube be excited ^s be&re^ the 
metallic ball wiiU in this cai^» acqujre ts\\ 
the 'properties of tha.e3z;cited ti^be, /• e. it 
wiH attraifi:, i|>ark}fif iScp^^ likp the tijbe it« 
lelf, the plefla-je w^tiw pa05ng fhfpugh tjxe 
wiffi lo tb^b^l: hen{:j9> ,^h^ wire 18 faid 
to be a conduSior of eledtricity ; and all fij^h 
bodies as are capable to tranfmit the elec- 
trie virtue, like the above-mentioned wire, 
are called conduStors. 

But if, inftead of the wire, a filk firing 
beufedin the above experiment, and the 
tube be excited as before, the ball in this 
cafe will not fhew any figns of Eleftricity j 
the filk firing not permitting the eleftric 
virtue to pafs from the tube to the ball : 
B z hence 
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hence (|he iilk firing in this cafe^ dnd all 
thofe fuDftances through which the elcftric 
virtue cannot be tranimittedy are called 
non^cofiduElors^ 

A body irefting intirely upon non-coii- 
dudtbrs is faid to be infulatedi fo» in the 
lad experiment, the metallic ball was infu* 
lated; fince it was fufpended intirely by 
the (ilk (Iring, which is a non-condud:or« 
The bodies which are conduffcors, and 
thofe which are non-condudlors of elec- 
tricity, together with their peculiar pro- 
perties, as far as they are known, will bo 
plainly laid down in the following chap- 
ters* 



CHAP. 
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CHAP, IL 

Of EleSlrics and Con^uSlors^ 

THE firft and principal maxim io 
Eledricity is, that all the known 
bodies in nature are divided into two claiTes^ 
viz. EledricSy and Conductors; experiments 
(hewing, that whatever fubflance is a Con- 
duftor of Eledricity, cannot be excited^ 
(hence Conductors are alfo called non^ 
eleSirics) ; and that whatever fubftance can 
be excited, is not a Conduiftor, (hence 
EleSlrics and Non-^conduSiors become fyno- 
nymous terms *.) This maxim, however, 
is not to be confidered as ftridtly true and 
general ; for in reality we know of no fub- 
ftance that may be called a pcrfeft Eledtric, 
nor of any, that may be called a perfedt 
Conductor; the EleCtric virtue finding 
fome refiftance in going through the beit 
Conductors, and being in part tranfmitted 
through, or over the furface of moft, and 
perhaps all the EleCtrics. The lefs p^r« 
s 
^ £lc£trics are often alfo called EUSiria pit fi. 

6 3 fca 
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fed Condudtor any fubftancc is, the nearer 
it comes to the nature of an Elcflric j and, 
on the other hand^ the Icfs perfedt Eleftrics 
come neareft to the nature of Condudlors^ 
The limits of thofe two claffes^ Cohie fb far 
one within the other, that there arc many 
fubftances which may be aiSiially excited, 
and at the fame time are pretty good Gon-^' 
duftors. If the reader dcfires to know 
thofe ambiguous fubftances, he niuft fcek 
for the worft Eleftrics among the Elec- 
trics, and for the worft Condudors among 
the Condu(ftors, excepting fuch on which 
the experiment cannot be tried, as fluids, 
powders, &c. 

The two following lifts contain, in gene- 
ral, all the EleQ;rics and Condudbors, dif- 
pofed in the order of their pcrfeftion, be-* 
ginning in each lift with the moft perfedt 
of their clais. In this order, however, 
the reader muft not expei^: a great exadt- 
«efs5 that being impradlicable, whenfub-^ 
ilances are fet under general articles ; and 
at the fame time is of little, if indeed of 
«ny uf^ whatever, 

ELECTRICS, 
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Ghfs, and all vitrifications/ ^ven ihoic 
ofriietais. 

All precious ftoncs, of which the moll 
Iranfparent are generally the beft. 

Atl refins*, arid refinous compounds* 

Aniber. 

Suiphur. 

Baked wood. 

All bituminous fubftances. 

Wax. ■' ^' ' \ ' 

Silk. 

Cdttoh. 

All dry animal fubftances, as feathers, 
^ wool, hair, &c. 

Paper. 

White fugar, and fugar-candy. 

Air* 

* Under the name of refikis, I would be under- 
flood to mean all fuch cpnfiftenti oily, vegetable, pro- 
du£lions as are inflammable, and not foluble in wa^ 
ter; guifi-lac, thencFore, tM M, fuch fubft^nces. Im- 
properly called gumsi are alfo meaAt under this arti- 
cle. Sec MACQUfiii'% Chciniftry, vol. i; chap, iii 

B A Oils. 
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Oils*. 

Calces of metals and femi-metals. 

The aihes of animal and vegetable fub-* 
ftances. 
. All dry vegetable fubftances. 

« All hard Hones, of which the hardc^ 
4M'e the bcft. 

Many of the above-men tipned fubftances, 
and perhaps all thofe upon which the ex- 
periment can be made, when very hot, 
lofe their eledlric property, and become 
quite, though not equally good, Con- 
dudors; fo red-hot glafs, melted refin, 
hot air, baked wood made very hot, &c. 
become Condudlors of eleftricity. But it 
is very remarkable, that the focus of a burn- 
ing'glafs is not a Condudor of cledricity. 
It has been obfervcd, that glafs, efpecially 
the hardeft and beft vitrified, is often a 
very bad Eledric, fometimes being quite 
a Conduiftor, The Abbe NoUet and others 
have made various experiments relative to 
this property of glafs, but- without deter-* 

^ Mr. Cigna obferved ele^lrical attraction and re« 
.pulsion between condu£lfDg fubftances pluoged in oiU 
VoLLBT*^ Letters, vol. iii« p. i68« • 

5 mining 
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mining intirely the caufes which occafion 
the difference. Glaf^ veflels^ made for 
€fle£lricil purpofcs, are often rendered very 
^ood Eledtrics by ufe and time, though 
they might be very bad ones when new. 
On the other hand, fome glafs veflels, which 
had been long ufed for excitation^ have 
fometimes loft their power almoft intirely. 
1 remember to have observed two indiiput^ 
able inftances of this fort, 

A glafs veffel, out of which the ajr has 
been exhaufted, on being rubbed^ (hews 
no figns of electricity upon its external fur- 
face, but all the eledric power appears 
within the veffel^; and a glafs tube, or 
globe^ with the air condenfed in it^ or 
full of fome condu(51ing fubftance^ is in^ 
capable of being excited. But a iblid ftick 
of glafsj of fealing-waXj &c. may be excited. 



^ Although a glafs veiJel, exhaufted of air, does 
hot fhew any figns, of eledricity without ; yet it has 
been obferved, that the eledric power of aglafscy* 
Under is the ftrongeft, when the air within it is t^ 
little rarefied, vfs. fomewhat lefs denfe than the ex* 
ternal air. See 1' Elettricifmo Artificial of G. B« 
B£CCARJA> §4P. 

CONDUCTORS^ 



^*^ 
'^^ 
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GONDUdTORS. 

Gold^ 
Silver. 
Copper. 

Iron. 

Tin, 

Quickfilver. 

Lead. 

Semi*iftetals. 

Ores i df which the beft afe#tho(e thi* 
cont^iin the mistallie part in the greateft 
quantity^ and coftie neareft to ^a mfctallid)^ 
ftate. 

Chareoal, made either of animal or of 
vegetable fubftahces. 

The fluids of an aniiml body. 

All fluids, excepting air and oils*. 

The effluvia of flaming bodies. 

Ice-f. 

Snow. 

♦ Silt water Is a better Conduaor than frefh 
#ater. 

4 Mr. AcHARD, being at Berlin, in the month of 
jfanuary 1776, obferved, that water froze to the 
twentieth degree below o of Reaumiir^s thermometer 

(which 
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Moft falinc fubftances, of Whkh the 
metaljc falls arc the beft. 

Stoiiy fubftances, of which the hardeft 
are the worft* 

Smoke. 

Thfe vapour of hot Water. 

Eleftricity pervades klfb vacuum, or the 
abfcnce of air caufed by an aii'-pump, al- 

(which anr«fers to the thirteenth degree below o of 
Fahrenheit's fcale) was an ele6iric. He tried his ex- 
perimehts in die open air, where be fourid that a rod 
•f ice two feet long, and two inches thick, was a verf 
imperfefl Condu£lor, ^when Reaumur's thermoitieter 
was at fix degrees below o, and that it would not ia 
the lead condu6(j wlien the thermometer was at 20^* 
By whirling a fpherbid of ice in a proper machine, 
he even eledriiied the prime conductor, fo as to at-* 
trad, repel; give fpjirlts, &c< The ice that this gen* 
tieman made ufe of, was fre6 fronl bubbles of air, arid 
quite traofparent ; to produce which, he ufed to fet a 
veflel, containing diftilled water, to be frozen, upo^ 
the window of a rootai, iwhich was rather warm with 
refpeft to the ambient air ; where the water began to 
freeze on ione fide of the vefTel, while on the other fid6 
it was ftilF liquid ; in which cafe, he fays that th6 
bubbles of air feparated from the part of the watec 
that began to freeze firft, and pafled gradually into the 
liquid part, fo as tq leate a confiderable thicknefs of 
ke quite traofparent. 

moft 
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mofl as freely as the fubftance of a good 
Conduftor*, 

Befides^ thefe, all bodies^ in which more 
or lefs of fome of the above-mentioned Con- 
dudlors are contained, are alfo proportion- 
ably Condudlors; thus, green vegetables, 
raw meat, &c, are Conductors, on account 
of the fluids they contain. 

From this principle it follows, that all 
Eledkrics, before excitation, (hould be well 
cleaned, dried^ and fome made even very 
hot, in order to free them from every hu- 
midity; otherwife they are fo far from the 
nature, of Eledlrics, that they become ac* 
tually Condudlors, on account of the 

^ ^' I beg leave to mention in this place, as fa« 
u vourable tg this hypothecs, a moft curious difco- 
♦* very made very lately by Mr. Walsh; who, being 
**' affifted by Mn de Luc to make a more perfect va« 
*' cuum in the double or arched barometer, by boil* 
*^ ing the quickfilver in the tube, found that the elec- 
** trie fpark or (bock would no more pafs through it, 
*' than through a ftick of (olid glafs.^^Dr. Priestly'* 
£xp. and Obf. on different Kinds of Air, vol.i. p. 284* 
Farther experiments and obfervations of the author and 
others, concerning the conducing or non-conducing 
power of a vacuum^ will be found towards the ei^d of 
this Work. 

moiflure 
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inoifture which they contain within their 
pores, or upon their furfaces. 

In regard to the conducting power of 
charcoal^ it muft be obferved, that all char* 
coal will not condud equally welU there 
being fome that will hardly! conduct at all ; 
and fometimes is in fuch a ftate, that it 
will aflift the paiTage of a large quantity 
of eledlric fluid along its furface^ when it 
will not condudr it any other way. This 
difference, however, is not occafioned by 
the difference of the wood from which the 
coals are made, but by the degree of 
heat that is applied in the procefs of mak«> 
ing them ; the beft Conduftors being 
fuch as have been expofed to the greatefl 
heat*. 

Whether the piece of wood ip the pro- 
cefs of coaling is fufFered to flame,* or not, 
is quite immaterial ; and the continuance of 
the . fame degree of heat has no apparent 
cfFe6l with refpedt to the conducing power 
of the charcoal. 



• See Dr. Priestley's fecpnd volume of Obfcr- 
vations on diSerent Kinds of Air, Sec. xiv. 

It 
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It will not be igipreper te Ph&m iv 
this place, the di^erpat <2h[9i^i6 frofnCofhr 
duftor to Non-conduflpr, occafioned in 
the fame fubftance by different . prepara- 
tions* A piepe of wood yaH cut frpm a tree 
i$ aggod ConduiSor; let it he baked, and 
It becon^es an Ele&ric; burn it to a coal, 
And it is a good Condix&or ag[ain; lafUy, 
let this coal be reduced to ^fbes^ and thefe 
will be imperyious to ele£bricity. Such 
chaogea are alib i>bfirrvablc ia many other 
bodies; and very likely in all ^fiances 
there is a gradation from thfi beft Conn 
diK^t^rs to the befl Noi)-aindii£):ors of 
ElciSricity. 



CHAP, 
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Of ^ t'm Mh^rifiitteu 

IF» in the experiment mentioned in the 
^rft chapter^ the per|ba that ru1;)s th? 
tube be infulat^d^ /• e^ be i^t^with his fee^ 
upon a cake of r^iin^ a flool with gla($ feet» 
or any pth^f good Electric,, ia that th^ 
cpimxiunipatipn between hi$ body aiptd th(p 
earth be cut off by means pf £le<3trie$ ; an4 
if in this fituation. he rubs the tube with 
hjs hand^ ashefore; this perfpn^ as well as 
the tube» willf in this ca^> appe^ eledxi*- 
fi^« If any li^ht bodies be preieiited to 
' ajoxpart of bis jbody^ they wiU be attraiSk- 
cd ^d repelled. If another perfon prefent? 
his fi^g^r to him, a lucid fpai;k will fol- 
IpviT, \|rith a fnapping noife; and* in fliort, 
this ijajfuJated perfan will fhew every figa 
of elparicity that the tube e3fhibjits. But 
tH^ir ele^ricities are not the fatpe ; jthe 
ei($%icity of the tube being juft the reverie 
qf tl^ eleifkfi^ity of the perfon : and their 

{V»rttful»r ^1S^I^VW»\ V^^ the following: 

I. Whenever 
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I. Whenever a light body iofulated, as, 
for inftance, a fmall piece of cork fuf- 
pended by a filk thready ha3 been attraded 
by the tube, and afterwards repelled, if no 
condudting fubftance touches it in this 
Aate of repuliion, it will not be attraded 
by the tube again. The fame happens 
with the infulated perfon i for when this 
light body has been once attrafted by any 
part of his body, and afterwards repelled, 
it will not be attracted again; but if in this 
ftate of repuliion the tube be prefented 
to it, then it will be attracted, and that 
violently, by the tube ; and when repelled 
by the tube, it will be attrafted by the in- 
fulated perfon* Further, if 'tw;o or more 
light infulated bodies, like the above«» 
mentioned piece of cork, be feverally at- 
traded by the tube, and when afterwards 
repelled, be brought within a fmall dif* 
tance of one another, they will repel each 
other, and, if well infulated, continue in 
this eledrified and repulfive ftate for a con- 
fiderable time. The fame will happen, if 
they are prefented to the perlbn ifnftead pf 
the tube ; they will alfo, after being once 
repelled by this, repel one another, ^ut, 

if 
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if on^ or more of thofe light infulated bo- 
dies be attraftcd and repelled by the tube; 
and .onfe or more others be attracted and re- 
pelled by the perfon, and afterwards both 
or ,all (J. e. fuch as were prefented to the 
tube, md fuch as were prefented to the 
Infulated perfon) be brought within a fuffi- 
cient diftance of one another, , they will 
'then, inftead of repelling, attract each other; 
and inftead of continuing eledtrjfied, ^ ex-^ 
tinguifh at once every iign of eleftricity. 
Thefe two electricities, therefore, are (as 
was faid before) the one juft the contrary 
of the other, the one attrafting what the 
other repels ; and, as if one was an affirm- 
ative, and the other a negative power, 
when equal quantities of each are fummed 
together, they balance each other, and lofe 
every property. 

2. Another charaderiftic of each of the 
two electricities, confifts in the appearance 
of theilr light. If a pointed body, as a 
needle, a wire, or the hke, be prefented 
to the excited tube in the dark, a lucid 
globule, like a ftar, will be feen upon the 
point; but if this pointed body be pre- 
ifented to the infulated perfon, then in the 

C place 



Digitized by VjOOQ IC 



l8 ' A CoMFLB^TE Treatise 

pkce of the ilar a lucid pencil app.e^r^» 
compofed of fays^ feemingly ifluing frpqi^ 
the point, and diverging towards the pert 
fon*. ,. . 

3. Laftly, in fomc expennients (which* 
will be hereafter particularly mentioped,* 
gnd this property better explained) the elecr 
tricity of the tube, when in the aft of pafr 
ling from a body overcharged with it jq 
another, either not eleflrified, or poflelTed 
of the contrary eledtricity, fhews an indif- 
putabie purrent from the former to the lat^^ 
ter; and the eleftricity of the infulated 
perfon, when in the aft of paffing from a 
body overcharged with it to another, eithep 
pot ele€lrified, or pofleiTed of the contrary 
fsledtricity, {hews clearly a current frorn the 

latter to the former. 

/./ . •■ 

Thefe tv^o eleftripities are not on|y obr 
ferved in the above-mentioned experiment, 
but in feyeral other cafes alfo; and they 
always accompany each other ; for when 

t Thi§ pencil of rays will appear bcUcr, if ^ 
pointed needle be prefented to the infulated perfoOi 
at the diftance of about one inch from fqme part pf 
bis body, while he is aftually Nrtibbing the ^ubc ih the. 
dark. • . 

djfFwnl 
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different EkSricsi'are rubbedv licanfs ; 'will 
acquire»4)ne' el«aricity,. and x>ihers awill ac4 
qtiii:i^idie' c6ntir»ry5 the >ubber; uf,4trfuA 
lated; ftiewihig af rthe fame time iigris rf 
the eledtricity OQntrary to that acquired by. 
libg excited eleftric : befide^. this,\ alKQofl 
aU^:£ledrics may be inade ^ (how at |i}ea« 
firfe the^ one'or' the dther elcdricity^ <ac-* 
obrdin^ X6 the fiibftahce ufed foria^rubbcn 
Hence the /ollb wing coroliarifes mayib^ dew 
dacedi: \i)iz. i. :!Wheiieve!ir two'diflfereni 
fiibllbfices (bding both . ir^fi!rlatdd>.x!)r anly_ 
that which is a Condu^or) arej:uhbed.ta«^ 
gcther, except they are bath equally good 
Ckmdudors,! they will'3e both eJet£lrified, 
aod ane acquire the eledricity/coiitrary ta - 
the.^leftricity of the other, i. :Almoft all 
thfe EleSlrics may. be made tq acquire, a£ 
pleafure, the one or: the other eleftrlcity^ 
by.ufing proper rubbers. 

The firft of thefe two ele<3:ricitJes, /. e. 
that pofleffed by the glafs tube in the above 
expwment,;'as-it was. thought to be tHe 
eonftant produdidn of rubbed glafs, was 
called the Vitreous EleBricityi and the 
other, as. it was firft obfervcd to be pro- 
ducbd by refinous fubftances, was called 
C 2 * the 
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the Refinous Electricity. The Vitreous Elec- 
tricity is alio called Pqfitive or Plus Elec^ 
tricity^ for a reafon that will be confidered 
in the courfe of this Treatife; and the 
Refinous is called alfo Negative or Minus 
EleSiricity. A body, therefore, poiTefled 
of the Vitreous, Pofitive, or Plus Elecftri- 
city, is that which {hews fuch figns as the 
tube was faid to exhibit ; and a body pof- 
feffed of the Refinous, Negative, or Minus 
Eledricity, is that which (hews fuch figns 
as the infulated perfon was faid to exhibit 
in the above-mentioned experiment. 

In the following Table may be feen what 
Elcdncity will be excited in different bo- 
dies, when rubbed 'with different fubflances. 
Smooth glafs, for inflance, will l^e found by 
this Table to acquire a Pofitive Eleftricity, 
when, rubbed with any fubfl:ance hitherto 
tried, except the back of a cat (by which 
I mean the fkin of a cat while on the ani- 
mal alive) } rough glafs, viz. glafs the polifl^ 
of which has been deflroyed by emery or 
otherwife, will be found to acquire the Po- 
fitive Eledlricity, when rubbed with dry 
oiled filk, fulphur, &;c. and the Negative, 

when 
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when rubbed . with woollen cloth^ the hand, 
&c. and fo of the reft. 

1 r Every fnbAincehitkertotri- 

Smootii glafs > Pofitive I td, except (he back of m 
J I cat- 

Pofidve \ ^^ ^^'^^ ^^^' falphnr, mc» 

r Woollen clotb^qoillff, wood, 
Negative < paper,fealing-waz, white* 
( wax, the httman hand* 



Rough glafi* 



} 

JPofitive < Amber, airf. 



Toortnalln 



Hare'f ikin 



White filk 



Black filk 



Sealing*wax 



Baked wood 



* GlaTs may be made rouah by rubbing it with diad, or cmerf • 
f ]. e. By blowing with a pair of bellows upon it* By this 
many £le£lrics may be fenfibly excite, and ibme better if the air blowft 
is hot^ although, in both ea e , very little Electricity can be ehtained* 

C 3 , . The 



Negative I Diamond, the human hand. 

r Metah, filk^ loadftone, lea- 
Policive < ther, hand, paper, baked 
(. wood. 

Negative \ Other finer furt. 

}^ Pofitive P*^*^f ''' "'^***'' "*^^ 
Negative { ^•g •*"**» '^**"» "^^^^^'^ 

Pofitive < Sealittg*wax« 

r Hare's, weafel's, , l^ld (cr^ 
Negative < ret% ikin, loadftone, brafs, 
( filver, iron, hand. 

Pofitive I Metals. 

f Hare's, weafel's, and fer« 
Negatives cet'a (kin, hand, leather, 
L woollen doth, paper. 



} 
1 

1 



} 
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much extended, had.J;cboi4n tp bring tnia/. 

it i^ll the minutlx attending this matter as 
«*:>.•• .;;».;. " '" *- J * "^^ . i ,'>■ 

flir'a» is.:known f butj this r have thought 

tii^n^^kx^'^nd impra(fticab]^,^ bccaufecx- ^ 

periments of this kind are of ^ nice a na« 

tme;''^Sl -ffeey requine 4ha<fndft fcrupulous 

^cntittnpiff toaking them; a^d tht» 'their'* 

cf^^^s .3^SP?»^d ^H>on fo fmalliand variable 

eircumftani|es# that pftar. the very fame 

^'^^^ftfrJ^t^M withlhe (arac rubbei','giVe*'^^ 

at ,pnft4iroe ,%n8. of^ cme Eleftricity, and at * 

little altef^tjian. in,.,tl^ ,j(q,rfaG4, a different 
46gfPC q£j^tyfi^{Sf and even a*;different ap* 
^Ji(;ation.of thc;fame ijibftanceS> often occa?., 
fions a differenceiifl thj^'Eleftritity^ I fliall 
only obferve in gcncraj, that as far as may 
bi?MfedUcc*d^ \he greateft number of ex*- * 

perinientfiji jt appears,]; that when different 
fubftances are rubbed ; togietherv that whofc 
Et^afr^ pbwef is; the /ftrpngeft, in general 
acqutJ^Si it&e.' Poiitlve,^ and the other the 
Negative Ele<aricity;v and when two bo- 
dies, differing in thejiiDoo.thne|s or fough-' ' 
fiefs of their furfaces, arc rubbed together, 
tb«.':/n(K)(>tnVft/acq9rjr« ^Ik Pafltiv^. antlf. 
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tlic rougheft the Negative Elcaricity* 
TPh^fc two qualities ire often to be confi- 
ifiteYed both together r for, except the two 
bckfies'irc of the fame fubftarice^ asf fmopth 
and ro&gh glafs>' whit6 ahd black filk, &e4 
they generally differ in both, viz. they have 
not the. fame elcj^c power, and at tbcisune 
tin^e their furfac^ di^er, ^n ^finoothnefs^ 
This rule/ however, is hot to be confidered 
f^ajQat^aniand^.g^iT^l one; for, according 
to this principle, it (hould feem that a piece 
«)f fcding- wa*, wheri'rubbed with thfe'handf 
or pa^ri would* acquire the Pofitlve feledlri*. 

cky:>-1)u<4lhii'ls torftrary to experidhce. ' 

. .... ; «;.!•: ud • '!: •• ■ '^ "'' --J 

In cafe tliat Wo clcftric fubftanVcs/ equd 
In every refpeffc, al-e rubbed togefKfer, it ii 
to be obftrved^litat the fubftahce 'sVhich fi/f* 
fors the greaieft fridibn acquires'thc Niegk- 
tive, artd the other th6 Pofitive Elisariclty* 
^ttppofei f6r iriftancci that a picce^A* of filk 
be'dfbwn acrofs another piecef 6f fiik! fi, ih 
every ^efpctft equSP to the fbrriierj'^fo that 
thcfurface of the whdle piece A/ 7; ^Vbf one 
fido of it, be fucceffiVely drawnovtr ifeepart 
of the piece Bf then A will acc][uifethe Pb* 
fitive,. and B the Negative Eleitridty; 'The 

C 4 reafon 



Digitized by VjOOQ IC 



24 A Complete TREATraE 

reafon of this may probably be^ bccaufe the 
part of the piece B, over which the- piece 
A has been drawn, has acquired a greater 
degree of heat ; for it has been obferved^ 
that heat rather difpoies bodies to be eleAri- 
fied Negatively, 

C. H A. P. IV. 
Of the different Methods qf exciting Ek&rics. 

RUBBING, as we obferved before^ is 
the general mean by which all eledric 
fubftances that are at all excitable, may be 
excited.. Whether they be rubbed with 
Eledrics of a different fort,, or Condudlprs» 
they always (hew figns of Eledricity, and 
in general. ftronger when rubbed with Con- 
duAors, • and weaker when rubbed with 
EledlricSi But befides friction, there are 
other means .hy which fomc Eledrics may 
be caufed to (hew eledric appearances : 
thefe are* by melting, or pouring a melted 
Eledric into another fubflance ; by heating 
or cooling ; and by evaporating or efiervif-* 
cing« The particulars pbferved by uiing the 
firft of thefe two methods are the following : 

If 
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If fulphur be melted in an' earthen veflel^ 
and left to cool* upon Condudors : if taken* 
out :of the vefiel^ when cold» it will 4>e 
found ftrongfy elf cftrical ; but not at all fo, 
if it be left to cool upcm Eledrics^ 

If fulphui- be melted in glafs veflels^ and^ 
afterwards left to cool^ they will both ac« 
quire a ftrong Eledricity, the fulphur Ne- 
gative, and the glafs Pofitive, whether they 
be left to cool upon Eledrics or Con-^ 
dudtors; however, they always acquire a 
ftronger power in the former cafe than in 
the latter; and a ftronger ftill/if the glafs 
veflei is coated with metal. It is remarks- 
able, that the fulphur acquires no eledricity 
till it begins to cool-; its pow^ increaies in 
proportion as it contra<^S| and is the ilrong- 
eft when in the ftate of greatcft contradbion; 
but then the electricity of the glafs vciTel is 
at the fame time the weakeft. 

If melted fulphur be poured into a veflei 
of baked wood, it acquires a Negative, and 
the wood a Pofitive Eleftricity; but if it 
.be poured into fulphur, or rough glafs, it 
acquires no fenfible ele<flricity. 

Melt 
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4iwJ; there: lofe: tDnJ0Q6lpaftie\fcr^>^ figris^ol' 
'S^&ticitfi v^Sl doiitbe <ciifD^' botif nh^y 
arA fcp^ratodv li»y;\HlI then a^peacilrongl}/^ 
cle(arified,vth6>ii2lpimr Plus^ « and the tup 
Minus. If the fulphur is again replaced in 
tib(|uc\^y'every: figni of Elcsdlncity wiir va- 
oyii I bat, Ify wbBifl; they are feparatc^ " tb« 
£]^!;i^l;yl cif.eithpn'oFtbem isrtakertJofip 
they, will ,j9foth^vOto' being replacfedi: appfe«|^ 
pgij^e^edpf ;th]tf.i£le(^i^ity^ haslnoo 

beeii tftkeA jpffs.-^ ^ - - ; ;^. cri • ;..: uiLiJu 

flVJeltftdlvaSfi. poured into ^ladTs, or tv6od[^ 
acq|U()re$; ^il^jpgajive.EleStricifcj^^^and leallos' 
tl^?,^i^ft:-P^* WQ<>ii'f^ofiti«cJLi But ifealiogk 
V^ji:sp po^r^ jutt<l5(^ul5ihurr..ac(jiHrre a Hoilk 
tivQ, E,le4tri!?i^a:' ?nd hws%. tbeofulphtti:^ 

Chocolate, fi^{fe fgomjrbe miHy as it copfe 
in the tin pans in which it is receivec^, be* 
qornfi^S ftrqn5gly. elc^ricul-i #• \»ixtfil ^(aed (Jut 
of.the.pans, it retains fpr* fome time this^ 
property^ hut foon: lofea it by handling'.* 
Melting it again in an iron ladle, and pane- 
ling it into the tin pans as at $rft, v^Jifofc 
once, or twice, renew the power; but, 

when 
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w%!ft .tbl^JBiiift bQtpm»8i vefy dry 5and :p6w-«5 
d«!j5 inItbrJ*ile^ the. Elodlricity is reviiifcd 
QO/npfoce ibyfiiiteplfi roeltingt; buHf^en-a 
fiftI^fi(>UtteioU[)be'added» and mixed weHr 
with^the di^ootete.urithc Ifldle/ cn;p€nirtK 
ingttit into ithtpptbrtpan, its ak|fiiA,JitIwilliio 
fiiiind.to hi^veicampictely rbcbv^erod its cAec^ 
trie ,po^ir*i^1 •■ .!< I ri^Ji ^'t '»'A7CK| .:i'r'-:)Io 

£;i3^pvf!tb8lfyfSAi» %e4feingcQf mfeUediEfcc^i 
tgio%^/it wiUltwf be intpr0^dtiitoi3i)bfcrfe€fcc 
that it fometimes happeoteol^fttferaci el^ 
trie fubftanees, by being melted apd left to 

ttwyo r#^^ ife>R . H;^BftnCidfiwyi^ i t\eie»?if f'^llj 
foftt^qfttbs^lftgfi^teRir;: f^f^alj^ lif AtlM5y d^tx 
preferved ff^fevfrsfla ^Stft^Of ii| ^fd ,^\Jth'« 
Sueh efFe(£ts have fometimes induced Elec- 
tfim9^'^V9 tliffifer^i^i f^9ieyMp8^qars.jppf- 
/e|fcdr,ctf;,8 |>?rffiuftef»t ^ gpr|?eti»l JBJ^ari-i^ 
citJ!jiVJy-h ich, i^ fis.* ipbcrei^ ,i|)jj^cir fubf^iKqi 
as tl^Q mag/^jctisc pj^Nyer of; a Ipadftone : in) 
tr^tJ^, however^; >RO.fucb fubftance has y^t^ 
been found; and although rofin^ fulphur^ 

t .• (Xhej, abpvc rcroi^k on chocolate^ . together ;wiUi,> 
tbf method -of^reftoijing its power by means of oUvc.j 
oil, isadifcovcry oJ" the late Mr, W, Hbnly> F.R.S. ; 
7 amber. 
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amber» filk, and fome other Eledlrics, (heW 
ilgns of £le<3:ricity for a^ confiderable time 
aft^r they have been rendered eledlricat, yet 
their power is continually diminifhihg till 
k quite vanilhes. It is remarkable^ h6w«- 
ever, that iblphur, reijnbiis^ bituminous 
iufaftaoGcs^ and. ^Iky retain in general the 
elefkric power much longer thaa glafs^ or; 
any other Ele&rics; the reafon may be^ 
that they do not attrad: moifture like glais 
and other fubftancesy or perhaps becaufc 
ihey are more porous. ; . .- 

If a flick of {baling-wa^fbd broken into 
two pieces, the extremities that Were con-' 
tiguoqs win be found dedrified, one po(i« 
tiVely» and the other negatively* 

• Thie pr bpcrty- of exhibiting eledrical 
phsenomena,' by iDean& of heating and codl- 
ing, was firftobfervcd in a- hard femi-pellu- 
cid foflil, known under the name of Tour- 
malin*. This ftone, which is generally of 

♦ This ftone is called afchentrUkker by the Dutch, 
from its property of attraftlng the aihes, when laid 
near the fire. Linnaeus calh it lapis fk^icus* See 
bis Flora Zeylonica. 

I a deep 
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a 4eep red or purple colour, aqd feldom 
exceeds the iize of a fmall walnut, is com* 
mon in feveral parts of the Eaft Indies^ 
and efpecially in the ifland of Ceylon. Its 
properties in regard to Electricity are the 
following : 

1. The Tourmalin,, while kept in th^ 
fame degree of heat, fliews no figns of Elec- 
tricity, but it will become ele<3:rical by in- 
creafing or diminifhing its heat, and flronger 
in the latter than in the former circum* 
fiance. An exceedingly fmall variation of 
temperature is often fufficient to render the 
Tourmalin fenfibly elecftricaL 

2. Its Elcdtricity docs not appear all over 
its furface, but only on two oppofite fides, 
which may be called its poles, and they are 
always in one right line with the center 
of the ftone, and in the diretlion of its 
ilrata i in vvrhich direction the .ftone is ab* 
iblutely opaque, though on the other, fe- 
mitranfparent. 

3* Whilft the Tourmalin is heating, one 
of its fides (diftinguifhcd by A) is electri- 
fied 
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Acd plus^.and the othfet fi^e B> iMnuSt 6ut 
when it jb coolirig, A is tniims, and B is 
plus«l ' ■ ' ' I- /' r..M.' 

. :: . ; • ..i: ..i J: .. ■; :..:. 

4,. If it be heated; itidjii&itcd t& mH 
without either of its fides being ttbuched^ 
then A will appear pofitive, and B nega«» 
tiw, ail the time of its iieatiW|;^rx}oilin5g;. 

5. If- this ftdne be excited^ » by feftldiilj 
like any-'othir EWftrici 'theft '^acb 6f -ft^ 

fides, or both at^ohc^, may^be^niade Pdfitivei 

'' . . \ ' ■ '.,'<' i • ^ > I ' '"• . • '• 

' 'C. If theTowmalift be^ hetfted^dr <?oioIed 
upon fome other infulated' lA)dy/ that bbdy 
will be found eledlrified as well as the ftone, 
and pblTcflcd of the Ekftricky contrarf^ to 
that, acquired by that fidd of < the (tone 
which was laid upon it, ' ' '^ 



* From this law may be eafily deduced, that If' one 
fide of' the ftone, in fome circumftance or other,* 1% 
growing hot, while the other is .cooking, ti^en'J»6tft 
(ides will appear poifeiFed of the fame elot^ricity a£ t^ 
fame time ; and if only one fide changes its degree of 
heat, while the other remains the fam^^ then the for- 
mcr'fide only will appear cleflriftedt 

. - 7. The 
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t^: The EkiftriQity of each .fide; or oi 
bpthi may be -reyetfed by. heating br cod-t 
iiig the Tourmalifl in con£adb:withrVarioiia 
fubftancejB ; fo if itis coplcdj/crbcalied, iii^ 
contact with the.ipalm.of tbci.hand, that 
fide of it, which would have been pofitivc 
if (tooled in the op6n air, is m>W negative ; 
and that, which would hdve'beefi negative^" 
Jy now pofitive, 

, .... ..•' «• ••^ 

8* If a Tourmalin 4)e ftu^into' feveral 
parts'^ each piece-^wiUliave it8 ^ofitive and* 
negative poles, correfponding to the pofitive- 
jind negative fides of the ftone from which 
it was cUt» V 

9. Tbefe properties of the Tourmalin 
are alfo obfervatjle in vacuo, but not fo 
^rong as in the open air, * 

10. If this ftone. be covered all over with 
fbme eleftric fubftance, as fealing-wax, oil, 
&c. it will in general (how the fame ap- 
pearances with this coating, as without it. 

11. Mr. William Canton hath late- 
ly obferved a very yivid light to appear upon 
the Tourmalin, v^hile heating in the dark; 

he 
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he can by this determine, which end of the 
ftonc will be pofitive, and which negative. 
Further, when the ftone is ftrongly excited, 
it emits very ftrong flaflies from the pofitive 
to the negative end, in the dark *. 

12. In the laft place, it is remarjkable 
that the power of ,the Tourmalin is fome- 
times injured by the adlion of a ftrong fire, 
fometimes improved, and fometimes not at 
all affeftcd by it. The laws, however, of 
thefe uncertain efFedts have not yet been 
afcertained. 

The moft of the above properties, which 
were firft obferved, and thought peculiar to 
the Tourmalin, have been found to be- 
long to feveral hard precious ftones \ they 
being alio made eleftrical by heating and 
cooling, and have their pofitive and nega- 
tive fides, laying in the direAion of their 
fi:rata or cryftals; and, in fiiort, as far as 

* The Brafilian emerald, Mr. Canton has obferved 
to have alfo this property of emitting light, whilft 
heating in the dark : but I imagine that every other 
precious fione will (hew it, if its eleflric power is 
fufficiently ftrong ; fmce the light is a confequence of 
the paflage of a fufficient quantity of eledricity through 
the air, or other partly refifting medium. 

has 
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has been obferved, they have been found to 
zA exadly like tourmalins-; though fonae 
poffefs this property in a much higher de- 
gree than others. 

The other method of producing eled|;ri- 
city, namely, by evaporation, &c. v^as lately 
difcovered by Mr. Voltaj and it feems to 
open the way to an ample field of fpeeula- 
tion. This ingenious philbfopher difco-? 
vcred that the evaporation of water, and of 
fome other fluids, and likewife that Several 
effervefcences, geperated eleftricity. His 
experiments feem^ to ftiew the generality of 
the following law, wz. th^t fluids, or bo- 
dies in general, when reduced in the form of 
vapour, become eledlrified pofitively, ^nd 
leave the bodies, with which they were lafl 
in contad:, elecSrified negatively ; ^ but, on 
the contrary, when the vapours are condenf- 
ed in the form of a fluid, then they become 
cledlrified negatively, and leave thofe bodies, 
with which they were lafl:ly in contact, po- 
fitively ele(5trified. — Farther , explanations 
and exemplifications of this principle will 
be found in the pra6tical part of this trea- 
tife. 

D We 
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Wc (hall laftly obfcrvc, in this chapter of 
excitation^ that whenever an Ekdric is rub- 
bed with another infulated fubftance, al* 
though it acquires an eled;ric power, and 
{hews eledlrical appearances, yet that power 
is very weak 5 and in order to obtain a con- 
fiderable Eledricity, it is neceffary that the 
rubber (hould have a regular cornmunication 
with the earth, by means of good Con- 
du<ftors. 



c H ;a p. v. 

Of Communicated EleSlricify. 

IN the preceding Chapter? we have con- 
fidered Eledricity no further than in rc- 
fpedl to its quality 5 we have remarked the 
differences between the Pofitive and the Ne- 
gative, and have noted which bodies, and 
by what means, they could acquire this pro- 
perty •—But now a vaft profpedfc is opening 
to our view, full of extraordinary appear- 
ances ; and vve are to confider in this Chap- 
ter, not the mere kind of Eledlricity, but 
its numerous efFedls. Under the title of 
7 Comma* 
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Communicated Eleftricity, falls almoft all 
that is known of the fubjcft y, tnc paflage , 
of this virtue from one body to another is 
what caufes its light ;^ by being communi- 
cated to other bodies, wc fee its attraction ; 
by its quick tranfition it is that it melts 
metals, deftroys stnimal and vegetable life; - 
and, in (hort» it is by this communication 
that the fcience i$ at all known and culti- 
vated. In order, therefore, to, prcferve pef- 
fpicuity and diflindion, in defcribing fuch 
a multitude of fafts, I (hall employ more 
chapters on this fubjedl, and arrange in 
each fuch particulars as feem moft proper 
to be placed together^ at the fame time 
contriving to reduce the whole into as few 
principal heads as is poffible, without con- 
fufion. 

Whenever E,leftricity is by any means 
fuperinduced on a body, it is there con*- 
fined only by Eleftrics, and remains with 
* that body a longer ot a (horter time, ac-^ '■ 
cording as the Eledrics that confine it are 
more or lefs perfedl. A glafs- tube, for in- 
Aance, when rubbed, acquires a quantity ; 
cf that power, whatever it is, which we call 
^ ; D 2 Eled:ricity* 
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Eledlricity': That Eledricity remains^ and 
is perceivable upon the glafs, infomuch as 
it is furrounded by the air, which is an Elec- 
tric ; 'and as the air is in a more or lefs per- 
fect eleAric ftate, fo that virtue is retained 
upon the glaft longer or (hotter * ; and be- 
caufe the air is never a perfeft Eledlric, there- 
fore the excited tube can never preferve 
• the acquired Ele<5lricity perpetually, but is 
continually imparting fome of it to the con- 
tiguous air, or to the conducting particles 
that float in that element, till at laft it quite 
lofes its, power. If a finger, or any other 
Conduftor, be prefented towards an excited 
Eledric, it will receive a fpark, and in 
that fpark part only of the Eleftricity of the 
EIe<5lricj but why not all ? Becaufe the ex- 
cited Eledlric, being a Non-conduftor, caft-^ 
not convey the Ekdricity of all its furface 
to that fide, to which the Condudlor has 
been prefented. Hence, if a conducing 
fubftance be fuccefllvely prefented to dif- 



• ♦ An excited glafs tube, if kept in a dry and rather 
warm place, for inftance, at fome diftance from a 
good fire, will continue ejedri&d above twenty 
hours. 



ferent 



Digitized by VjOOQ IC 



on E L E C T R I C I, T Y. 37 

ferent^ parts of an excited Eleftric, it will 
receive at every approach a fpark, without 
repeating the excitation, till all the power. 
of that Eleftric is exhaufted, and then a 
new excitation is neceflary in order to re- 
vive it. 

Whenever a Condudor communicating 
with, the earth is exhibited at a convenient 
diftance to an excited Eleftric, it acquires 
on that exhibited fide an Electricity con- 
trary to that poflcfled by t^e Eledlric : this 
Eleftricity increafes the nearer it is ap- 
proached, and at Jaft, as there is an eager at-^ 
tra<5tion between Pofitive and Negative Elec- 
tricity, the Conduftor receives ^ fpark from 
the Eled:ric, and fo the balance is reftored. 
If this Condudor does not communicate 
with the earth, but is infulated, and ap- 
proached to the excited Eleftric as before, 
then not only that fide of it which is to- 
wards the Eleftric, but the oppofite alfo, 
will appear eledrified ; with this difference, 
however, that the fide, which is expofed 
to the influence of the Ele<3ric, has ac- 
quired an Eledtricity contrary' to that of 
the excited Eledtric, and the oppofite fide 

D 3 an 
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^n Ele^ricity of the fanie kind with that of 
the Eledric, Thefe two different Eleiftri^ 
cities of the Canduftor increafe as it comes 
nearer to the Eleftric, and at laft, th6 for-** 
xfier receiving a Ipark from the latter, be- 
comes throughout pofleffed of the fame 
Eledripity with the Eleftric from which 
it has rcpeivcd the fpark. All thefe ef-r 
feds will happe^n in the fame manner, if 
between the excited Elcfltric and the ap- 
proached Conductor thefe is interpofcd fon^c 
other eledric fubftance befid^s airi as, for 
inftance, a thin plate of glafs, rofin, fcaling-r, 
waxi &c. but then a fpark can never come 
from the excited Ele<aric to the Coqdudor, 
ffxcept it forces, or burfts its way through 
th# interpofed Ele<aric, as it always does 
through the air. This difplacing of the 
air is what caufes the noife that attends a 
jj^ark, and that noife is more or lefs loud ia 
proportion to the quantity of Ele<a:rieity^ 
and to the rciiftanpe it meets with iij it? 
paffage* ^ 

An infulated Cpndudor having received 
tfie Eledtricity from an excited Eledtric (in 
wbiph ftate k is laid to be elcdrified by 

commu-? 
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commcmtcatioD) will* a(ft in every refpedt 
like the excitoi Eledtric itfelf, except that, 
when it is touched by another Cbnduftor 
communicating with the earth, the for- 
mer gives one ipark to the latter, and by 
that difcharges all its Elefitricity. The 
reafoa why an elcftrificd Conduftor lofeth 
its Eleftricity all at once, when touched 
with another Conductor communicating 
with the earthy and not part of it only> like' 
the excited Electric, is, becaufe the Elec* 
tricity beloiyging to the whole of the Con?^ 
' dudtor is eafily conducted through its awn 
fubftance, to that fide, to which the other 
Condudor is prefented *. Hence it appears 
that, in general, the Eledtricity difcharged 
£rom an electrified Conduftor is much more 
powerful, than when difcharged from aa 
Eleftric 5 for the Conduftor may acquire a 
great quantity of Eledfricity from an Elec- 
tric, by receiving fpark after ^ark, and af- 

* This propofition muft be confidered under fome 
limitations, arifing from various circumftajnces; for in- 
ftance, if the eledfarified condu£tDr is ver]r much ex<* 
tended, and is touched with an imperfeiSlxondudors 
or for a very fliort time, then it is not unlikely that* 
fome cle£lricity will remain in it even after the fpark.' 

D 4 terwards. 
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tcrwards, if touched, will difchargc it all at 
once, and not by little and little as it was 
received. 

If an infulated Conduftor be touched 
with another Condu<5lor eledtrified, it will 
acquire part of the Eledtricity belonging to 
the eledtrified Condu6t6r, and afterwards 
each .will fhow figns of it. The Eleftri- 
city in this cafe will not always be equally 
divided between the two Conductors, nor 
will it keep any proportion to the quantity 
of matter in each contained ; but will ob- 
ferve the following laws. 

1. If two infulated Condudors, that in 
refped: to their external furfaces and fitua- 
tions are equal and fimilar, and both, or 
only one eledrified, are touched together, 
the Eledtricity will be equally divided among 
them. 

2. If their furfaces are equal and difli- 
milar, as, for inftance, a fquare foot of tin 
foil in one piece, and another fquare foot of 
it cut in a long flip, then that body, whofe 

furface 
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iurface has a greater extenfidn, will acquire 
more Eleftricity than the other. 

3. If their Surfaces arc unequal and diffi- 
milar, the Eledricity that each acquires 
after the c6ntad:, feems pretty elear from 
experiments, and in confequence of the 
above two laws, to be in a compound pros- 
portion of their furfaces, and the extcnfioas 
of the fame. 

4. Laftly, if one of two equal and fimi- 
lar condudors lies with its furface conti- 
guous to an imperfedl condudor, and the 
other is only contiguous to the air, then 
the fonper will acquire a gf eater quantity 
of Eledtricity than the latter. But this pro- 
perty is fubjed to certain limitations, which, 
to prevent confufion, will be mentioned in 
the pradical part. 

The eledric fpark (/. e. a feparate quan- 
tity of Eledricity) will go a greater or lefs 
diftance through the air, in order to reach 
a Copdudor, according as its quantity is 
greater or lefs 5 as the parts from which it 

flies 
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iies off, and on which it flrikes^ are more 
(harp or more blunts and as the Cond«idor 
is more or lefs perfect. The noife toge- 
ther, and the light with which the fpark 
i$ attended, is greater or lefs, according 
as the Ele^tricitfy it greater or Ids ; as the 
ports from which it flies, and on whicfa it 
ftrikes, are n>ore blunt^or more (harp; and 
m^ the Condii(flor is more or lefs perfeft. 
Thus, for inftance, a fharp-pointcd body 
will throw off Eleftricity to, ' and receive it 
from, a greater diftancc, than a body of any 
other (hape; but then that paiiage occafioas 
fio noiie, and but little light -, for, in thi$ 
carfc, the Electricity does not come in a f<»- 
parate large body, but by little and little, 
or rather by a continued ftream. If a 
pointed wire is concealed in a glafs tube, 
which projeds a ihort way beyond it, or 
if it is covered with tallow, bees-wax, ful- 
phur, &c. then it will take a ftrong fpark 
frcttn an eleSefied Condudor, 

It is remarkable, in the cafe of potats 
throwing off or receiving Electricity, that 
a current of nir is fenQbk at.^^n eledriBed 

point. 
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point, which is always in the direiftion of 
the point, whether the Elcaricity is J)ofi- 
tive or> negative. ♦ 

The eledtric fpark, taken upon any part 
of a living animal body, caufeth a difagree* 
ftblc fenfation, which is more or lefs trou- 
bleforhe, as the fpark is ftronger or weaker, 
find the p^rt, upon which it is taken, h 
more or lefs delicate 5 and alfo according to 
the particular conftitution of individuals^ 

A pretty large" quantity of Eleiftricity 
pervades the fubftance c^ a ConduSor of « 
poniiderable length, with a furprifing and 
imperceptible velocity; but a fmall quan*^ 
tity of it has been found to take fbmjs little 
tiiQe in pafHng through gk )ong, aqd tefs 
perfedl, C.onduiaor> 

Bodies poffeffedof the fame Electricity^ 
liyhether pofitive or negative, repel each 
other. But bodies poifeffed of different 
Elcdificities, attradl eaph other 1 and there 
is Ho ekiftric repulfion, but between bodies 
pofleiTed of the fame Electricity; nor eledtriq 

attraction^ 
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attradlion, but between bodies poffeflcd of 
different Eledricities, /. e. between bodies 
pofitively and bodies negatively eleiSri- 
fied *• 

. Eledricity, ftrongly communicated t6 in- 
/ulated animal bodies, quickens their pulfe^ 
and promotes their perfpiration. If it is 
communicated to infulated fruits, fluids, 
and in general to every kind of bodies that . 
ar^ a<ftually in a ftate of evaporation, it alfo 
increafeth that evaporation -, and that in a 
greater or lefs degree, as thofe bodies are 
more or lefs fubjed: to evaporate of them- 
1 felves; as the veffels, that contain the fame, 
are Conduftors or Eledlrics; and as they 

♦ This law, /. e. that there is no elcflric attra£lion, 
except between bodies poflcffed of differept Eleftrici- 
ties, will, perhaps, appear paradoxical, upon obferving, 
that an excited EleSric attrads fma]! bodies, which 
never were by any means made eledrical before j but 
the paradox, will foon vanifli, if what has been fatd 
above be confidered, /. ^.,that when Condu^lors^ at\d 
indeed Eledrics too, come near an eledrifled body, 
they become aftually poffeffed of a different Elefiricity. 
But this will appear much clearer from the expert- 
Dients that are to be mentioned hereafter. 

have 
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have a greater or lefs furface expofed to the 
open air*. 

By increafing the perfpiration of vegeta- 
bles, Ele(aricity promotes their growth ; it 
having been found, after feveral accurate 
experiments, that fuch plants, which have 
been often and long electrified, have (hewed 
a more lively and forward appearance, than 
others of the fame kind that were not elec- 
trified -f^. 

When Eledricity is communicated to in- 
fulated vefTcls, containing Water that is ac- 
tually running from a pipe, the effedts will, 
as far as may in grofs be deduced from expe- 
riments, obferve the following laws. 

* Although It has been by fome pretended, that 
Eleflricity caufed feveral fubftances* to evaporate 
through the pores of glafs and metals, yet that could 
never be obferved, though many accurate experiments 
were made for that purpofe : befides, this pretended 
evaporation feems on all accounts exceedingly impro- 
bable. . 

t It is faid hv Mr. Koestlin to have been found, 
that negative eleftriza'tion retards both animal and ve- 
getable life.— See his Latin Differtation on the elFefts 
of Ele6tricity upon fome organic bodies. 

8 "I. The 
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" I. The elea:rificd ftfeam, though if 
** divides, and carries the Ifquid further, is 
** neither fenfibly accelerated nor retarded, 
•* when the pipe through which it iffues is 
** not leis than a line in diameter. 

** 2* Under this diameter, if the tube is 
*^ wide enough to let the liquid run in a 
•* continued ftream, Eledlricity accelerates 
'* it a little, but lefs than a perfon would 
*• imagine, if he judged by the numbers of 
** jets which are formed, and by the dif- 
*^ tance to which they go. 

** 3, If the tube be a capillary one, from 

** which the water only drops naturally, 

" the eledtrified jet not only becomes a 

** continued ftream, and even djvided into , 

** feveral ftreams, but is alfo confidcrably 

** accelerated ; and the fmaller the capil- 

*^ lary tube is, the greater, in proportion, 

" is the acceleration, 

** 4. So great is the effeft of the eledric 
*' virtue, that it drives the water in a con-^ 
*^ ftant ftream put of a very fmall capillary 
** tube, out of which it had not before been 
" able even to drop.'* ' 

The 
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The ele^ric power has been found not 
to be afiedted by, or to aiFed, the magnetic 
virtue of t loadfione ; neither is it afiefted 
by heat or cold; fince an iron bar made 
red -hot, or any conducing fubftance hard 
frozen, when eicflrified, attrads, repels, 
gives fparkfi, &cc. nearly in the fame manner 
as in its natural temperature* Eledric at*- 
tradlion is obfervable alfo in vacuo, and 
eledric fubftances may alfo be excited in 
the vacuum of an air-pump ; but both in a 
degree decreafing in proportion to the rare- 
fadiion *• 

Laftly, we (hall conclude this chapter 
with remarking, that if the face, or any 
part of the body, is prcfented to an ex- 
cited Eleiflric, or to a Condudor ftrongly 
eledrified, it will feel as if a wind was 
blowing, or rather as if a fpidcr's web 
was drawn over it ; alfo, if the noftrils 
are prefented to jan excited Eledtric, they 
will be afFciftdd by a fniell, much refembling 

♦ This has been lately invcftigatcd by fcvcral new 
experiments, for which fee the U& pan of this work» 

that 
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that of phofphorus ; but communicated 
Eleftricity does not occafion any fuch fen- 
fation, except when a large quantity of it 
does fuddenly pafs from one body to ano- 
ther. If bodies are kept for fome time 
within the eledlric effluvia when ftrong, 
they will retain the fmell that they acquire 
for a confiderable time aften 



CHAP. VL 

Of EleSiricity communicated to EleSirics. 

AS the Eleftric Virtue can be fuperin- 
duccd on Conduftors by communi- 
cation, fo may it alfo be communicated to 
Ele(flrics : the difference however is, as 
might be expelled, very remarkable; for 
when one fide of a Conductor is prefented 
tq an eledrified body, the Eledlricity will 
inftantly pefvade its whole fu'bftance, on 
account of its conducing nature; whereas, 
when an EleAric is prefented to another 
Eledtric excited, or to an eleftrified Con- 
du(?fbr, it will with fome difficulty acquire 

any 
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dhy Eledricity^ becaufe its iubftance is 
impervious to that virtue; and in order to 
make it acquire fonle, it mufl be feveral 
times^ and in different parts> touched with 
the ekarificd body. That it is as difficult 
to deprive an Eledric of its acquired Elec- 
tricity^ as it is to fuperinduce it on its fur-* 
face» I think might eafily be fuppofed ; for 
the very fame quality, virhich caufcth' it to 
acquire that power flowly (namely its being 
a Non-condu^or) makes it alfo part w;th 
it flowly ; and, in. order abfolutely to de« 
prive the Elcftric of its acquired Eleftri* 
city, it mufl be touched feveral times, and 
in almofl every part of its furface; with 
fome conducting fubflance« 

In the preceding chapter we obferved^ 
that when an infulated Condudor is pre* 
fented to an eledrified body, it acquires, 
on the part ncarcfl to that body, a contrary 
Eleftricityj and on the oppofite part, an 
Eleftricity of the fame kind with that of 
the eleftrified body i we alfo obferved, 
that thefe two EleArictties increafe, as the 
Condudor comes near to the eledtrified 
|x>dy, and that when the Condudor is ar- 

E rived 
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rived within the ftrikirtg diftance of that 
jbody, a quantity of Eledricity flies off from 
the latter; forces its way through *the in- 
termediatte air j and, ftriking upon the £;^« 
jneri-i renders it throughout poflfeflfed of the 
igme. Eleftricity. Thefe effeds arc in a 
cei^tain degree alfo obfervable, when, an 
JEkdlric, inftcad of a Condu<flor, ,is pre- 
f^nqed to an eledrified body; for the Elec- 
tric will alfo acquire, ori diflferenj fides, 
contrary Eleftricities: thefe Electricities in- 
creaie^ as the diftapce dccre^fes ; but if at 
Jaft, a finall quantity of Eledricity is cona- 
nwnie^ted to one part of the Eleftric, that 
Eledric will: not become throughout poffeff* 
cd of one Eleftricity, but will ftill, in Ibmc 
cafes, (hew different Eleftricities on differ- 
,pht fides -5 end in fome cifcumftances, many 
repeated changes from pofitive to negative 
Eleftricity /nay be obferved upon the fame 
Elcftric, • as will appear from the following 
experimeiit; which, however, though oien- 
tioned by fome very jefpeAable philofopbers 
and cleftricians, yet j muft confefs that it 
fucceeds very fcldom, if ever, clearly.* • 

V . ^ . If 
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If the end ^f a pfttty longlgltfi tube l>6i 
prefented -to a body el^rified, foi:- ihffailcc' 
pofitively, thetiibe will : be "found elcdfri-^ 
fied ppfitively alfo for tbfe^ fpace "of cnciof 
two inches at the ««ndj but, bey6nd thii 
fpace, will be found two or three inches 
electrified negatively ; after that, another 
poiitive Eledricity will appear; and fd, 
alternately, a pofitive and a negative zone 
will follow one another, always weaker 
and weaker in pOw6r> till at laft they quite 
vani(h*« Now the -caufe of thefc • effects 
is always to be deduced from the two 
above-»mer\tioiied plinciples^ ire. iht non^ 
conducing quality of an Eled:ric, and the 
properties of bc^i in general ta require an 
Eledricity contvqry^ tou. thati poflc^d by 
another oonti^aouSicle&HfiAdt body't* ib, in 
the above ex{terixnent^^ that end* of the 
tube which was pre&nted to the boid^ elec« 
trificd i.poiitivcly, before it received, aay 
Eie^ricity from that body,, appeai-ed ncm 
gative on the past prefented to it ; .but^ af^ 
ter' it had received fome Ekdiridty, ap^ 

♦ Sec Priestley's Ilift. of Elcft. Pcr.X. Sea.?* 
ex lE^tsA Tenfamen,, p. I-92* 

E 2 peared 
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jpeared to be pofitive qo further thap that 
Bledricity could be fpre^d over its farface; 
bot beyond that pl^ce a purt of. the tube 
appeared to be negative, pv account ef ity 
contiguity tp the part ele^ifipd po(itiirely ; 
after that, another place appeared to be 
poiitive, becaufe of its contiguity to the 
part eledrified negativelyt and ip of the 
fubfequent changes]^ and the pofitive Elec-^ 
tricity of on« part of tb^ tube cannot mix 
with the adjoining negative part, fo as to 
prevent the& uppearaoces^ hecaufe the non^ 
CondQ<Sing quality of the gla(s will aluraya 
hfiider firch 9n eff^ifc Uwa taking place* 

If to out fide of an Bk£liic faffidtendjy 
thin^ at for iaftancc a pane of commoa 
imiMipw^glafi^ a plate of iealingrvaie^ i&cca 
be communiqErted qne Eb&ricity, and to 
the oppofijte fidc^ eommunicatcd the coa-« 
trary^ that plate in that cafi: i& faid to bo 
charged, and the two ElciStricitias can ne« 
ver .come together, except a communica- 
fion of cbndttiSing fubftances be made be-» 
tween both fides, or the EleAric be broken 
by the power of elejl^no attradtion. When 
the two Eledrichied of a charged Eledric 
o ' are 
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arc by any meafis unitqd^ ahd (hwefort 
their power deftfoycdj that Ele<fific is theft 
faid to be d^har^d, atid the a<3: of unioti 
6f thefe jwo oppofit6 powers is, for a rea- 
ibft hereafter' to be mentioned, called th^ 
ekBric Shock. 

In order to avoid the difficulty of corix-^ 
municating Eledricity to an dedric plate, 
it is cuftoniary to coat the fides of it with 
fome conducting fubftance, as tin-foil» gilt 
paper, 6cc. by which means the charging 
and •difcharging becomes very eafy ; for 
v^heh the Ejeftricity is communicated to 
one part of the coating, it is immediately 
ipreid through all the parts of the Eledric 
that are in contact with that coating; and 
when the Ele^ric is to be difcharged, it is 
fufficient to make a conduiSking communica- 
tion between the coatings of both fides, m 
order todifcharge entirely the Ele^ricitiea 
of that Elcftric. 

It will be readily uniferftood why the 

coatings of both fides of an Ele^ric (hould 

not come very near one another towards the 

edge of the plate, for then a communica-*^ 

E 3 tion 
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tion betweea the fame <K)atiags>is^ ready at 
hand ; and although they, do not absolutely 
touch one apotber^ yety when they are elcc-> 
trlfied, "thc^ Ele^icity will eafily force a 
paiTage through, the air, and, by puffing 
over the furface of the Eledric from one 
coating to the other, renders it incapable of 
teceiving any charge*. 

. By means of charged Ele&rics, we may 
fee a difplay of the greateft powers of Elec- 
tricity ; we can accumulate this power, and 
uib It advantageoufly in different experi- 
ments. By confidering the properties of a 
charged Eledlric, we become further and 
better acquainted with 'this fcience, than 
by any other means; and for the enumcrai 
tion of thcfc properties the following chap- 
ter, is. employed, 
f . • » . . 

* 't'hc property of con^Ju^ling the IJleftricity oyer 
thfe fuTfacfc is fo remarkable In fonte kinds of ghifs, 
that they are on this account abfut»ccly unfit tiSt the 
purpofe of charging and dtfcharging. 

• . . . . ' '* 

"... • /* - * • / 

'. .' • \ v.. J ' 



CHAP. 
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CHAP. VIL 

iOf charged EleSrics^ or the Ley den FhiaLl 

IF. a.glafs platq, ; whether fmpoth or 
rough, is coated with fome condudling* 
fubflance on both fides, fo that the coatings, 
do not come io very ne§r the edge of* the., 
glafs, as to render it unfit to be charged, 
and if to one of thofe coatings be communi-^ 
catcd fome Eledriclty, the other coati^ig, 
while communicating with the earth, or 
with a fufEcient quantity of condu<^cpg bo- 
dies^ acquires by itfelf an equal quantity 
of the contrary Eleftrity ; but if, whilft 
one 0de is acquiring EJe^tricity, the^ oppo« 
iite fide does nor communicate with the' 
earth, or With a fufficierit quantity of ton- 
during fubftances, the gl^fs^ cdnnpt be 
charged *>. Now the reafoQ wby,,whea:oae. 
fide of the glafs is rieceiving one Electricity^ 
the oppbfitfe fide acquires the other, ■ is the 

• Stri<5Iyjrppking, the glafi in this cafe wilfbe 
charged a little, becaufe the air which is contiguous 
to its coating is not a perfedl Non»condudor* 

E 4 fame 
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fame as obferved in the prececiiog chapter^ 
/. e. the property of bodies to acquire an 
Eledricity contrary to that poffeflfed by. a 
contiguous ele<flrified body; and the ptuie, 
that hinders theie two Ele^icitses fr<Hft 
mixing together, is the interpofition of thcf 
gUfs plate, which is impermeable to£Iec^ 
tricity*; but if the charge is too high, ^ti^ 
the glaft plate too thin, then the great au 
traftion, between the two different Elec* 
tricifies, forces a paflage through the gla&^ 
difcharges it^ and reB4«t^ it unfit ^o receive 
another charge. 

Theie t^iflts happen ia the farpc manner 
if ti^ glais be not in the form of 9 platCj, 

^ Thii' remarkable property of Eleftricity vras firff 
i|tisfa6b)rily obferyed (though not originally difpover'- 
ed, as we have already taken notice in the Introdup- 
tjon) at Leydeny with a bottle containing fome water, 
which fefved for the |f|fide coatipg, and the unde- 
figned apptfC|tion of the bands qn the outfide ferved 
fpf anot^r cqatHig. A bottle coated op the infidp 
^nd outiide for the purpofe of being charged^ has 
from thence been caMed the Lejii^ Phial^ olherwife 
an ik&ric Jar }. and the charging and difcharging> in 
general^ of coated g)af«| ha; heel) called the LeyM 
Exptrhncnt. 

but 



Digitized by VjOOQ IC 



en B t E € T KI € I r V4 57 

but in any <^er (hspc whaifoeveri prornii*' 
cd it is iiifHcioitly'thin} it being itot tht 
form, but the tbickncfs of the glafs, that 
makes it < more or Icfs fit tor be charged : and 
ihe thinner it i$, the greater charge it is 
capable of receiving ; for the ftronger m 
proportion is the power of the Eledricity 
of one fide, to caufe a conttary Eledrkiif 
on the oppofite fide« 

How thick a glafS plate or other EledrfC 
fhould be, to become incapable of being 
cha|*gedt hath not y^ been a^rtained. 

A coated glafs is capable of hddittg ± 
jg^reater charge in condcnred air, than when 
charged under the nrfual prelGTure of the 
afmolphere, 

If a coated glafs plate, or phial, after 
being charged, be infulated, and only one 
of its fides be touched with fbihe Con-» 
dudtor, that fide will not part with it« 
£le<ftricity, becaufe the Eledridty of one 
fide eadib ia confequence of the contrtuy 
|£I(e6:ricity on the oppofite fide, and bt>tb^ 
|)y t^e^r mutual $ttra£tion» confine one 

another 
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Mother upon, the * ibrfatii^ of the gkft.' : lA 
iirder therefore to diicfaarge that ghfs, both 
stsjcpatings muft he -touched at the fame 
lime^ and conneded ^with the earth: or by 
means of feme Conductor a^ comnninic^tiott 
muft be fflade>beCweeQ themi imdin this 
cafe the Idifcharge is faid to bb made through 
^hat Condutaor:rT /J : -^ . ; - • • . : 

When, in order to difcharge a jar, one 
of its- coatings isjtouchcd firllwit|i-a.Con- 
jduiftor, as, for inii^ance, jyith one end of a 
chain, nothing very particular, in that cafe 
will appear*; but as foon as the other end 
of. the chaip comes within a fufficient dif- 
tance of the other coating, a fpark will he 
jfeen between the end of the x:hain, and thai 
coating, accompanied with a noife, &c* juft: 
as when an excited Eledric, or an eledri- 
ficd Conduflor, i§ ^qiade to communicate 
with another Condudlor; but the power, 

• If one coating of a charged jar communicates with 
the earth while the other coating *is expofed to the free 
air for fomie time, thekrharge of that jar will be fitentljr 
and gtadvayy^diCpated; for while tb( £)e£faricity of 
Oae fide goes to the ea,rth» the E/e^icity of the other 
IS communicated to the air, which, as we'obferved bo- 
forcr, is never a perfeil ElcSri'c. 
:: ; the 
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the light, and the report is in general much 
greater than that of a fpark taken 'from a 
body limply ele^arilied. 

If the comtnunijeatioft between the two 
fides of a <?harg,M'jar be made^by imper^ 
fed Condudor^' a$ 4 flen40r pjiece <jf wood^ 
9^.WPX packthr^^t &c. the diifeha^rge vrSl 
be made filently and without exploiiop« 

. It is remarkabW that the fpark pcc^ioned 
by the difcharge of charged Eleftfics, al- 
though it is niore denfe, more ppwerfulj^ 
and makes a greater report, . yet is not fo 
lon^ as the fpark drawn from an elei3:riiie(i 
Conductor • 

When the difcharge of a jar is made 
through the body of a living animal, it oc- 
cafions a fudden mption, by contradling the 
niufcles through whic^ it paiTes, and gives 
a difagreeable fenfatipn ; for which i^eafon, 
the effcd of difcharging an eledric jar has 
been generally called the ekBrk Shock. 
This fhock is more fenfibly felt by ibme 
perfons than by others^ and it is faid that 
fame people are not at all a£fe6ied by it. 

The 



Digitized by VjOOQ IC 



6b A CoMl»LETE TRiATlSE / 

The force of the cleatie (hock^ occtJ^ 
fioned by glafles of jthe fame thicknefs, ii 
greater or lefs in proportion to the quantitj^ 
of coated furface, and the height of the 
charge. lipon this principle, the J)ower 
of the fftfd (hock, by infcreafing the <jB»n-» 
tity of coated glafs^ tnay be ailgmeMed at 
pldtfilte^ provided na^ns b6 ufed pbvi^etfui 
enough to charge it% 

A Atimbet* <)f coawd jafs coftrtcfled tojge* 
ther in fuch manner that their whole fbrce 
miy be united, and aS like one jar, confti-^ 
tiltes whatt is called aft eliSlrical Battery, 
Thi« lyattfcry is the tnoft formidable and 
entertaining part of an eledlrical- Apparatus, 
ind by its ufe many wonderful efFeds are 
produced :— but as the perforftiing of thefe 
belongs rather to the pra<5licar, than to the 
preferit part of this Ti*eatife, I fliall only 
enurtie^ate them in this place, and referve 
further particulars for the third part of thi$ 

In making the drfcharge of an eleftric 
jar, it is furprifing to obferve with wha^ 
quicknels the Elc(ftricity performs the cir- 

cuif 
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curt fitom Qn9 fide of the ghfs to the other. 
It h46 been found to employ no pcrceivabk 
tipie in goiag through a Candi«Jtor of fe- 
V45ral milea, which conn^^ed thjj two coat^ 
ipgs of a phial** 

The force and noife of an elciflric fhodc 
is not affe<fled hj the inflexions of thd 
Condudloft. through which it Jgo^%^ but it 
is fcnfibly weakened by its length i hence, 
when the circuit, /. e. the communication 
between the two fides of the eledric phial, 
1$ made by one perfon touching one fide 
with one hand, and the oppofite fide with^ 
the other, the fhock is ftronger than when 
the cir^ruit is fonned by many pcrfons to* 
gether joining hands. 

That the Electricity finds ibme obftruc- 
tion in going through even the beft Con- 
ductors, appear? evident from this, that ia 
feme cafes it wiy prefer a ihort paffage 
through the air, to a long one through 
Conductors, even the moft perfeft. This 
obitruCtion is greater in thofe placei, where 
the Conductors, forming the circuit, do not 

^ • Pribstlev*^ Hift. of Elca. Per, VIII. Sea. if/ 

lie 
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lie in perfed conta£b; and if^ the circuit 
being cotnpofed of CondCidtOrs of different 
natbresy the Eledricity be obliged to pafs 
from one Conductor to another lefs perfedt^ 
the obftrudtion is flill greater. If a fmall 
interruption of the circuit be made in wa* 
tcr, on making the difcharge (notwith*^ 
ftanding that the water is a Conductor) a 
ipark will be feen in it, which never fails 
to agitate the water, and often breaks the 
, vefiel that contains it. 

A ftrong (hock, fent through an animal 
or a plant, puts an end to animal as well 
as to vegetable life. If the circuit be in- 
terrupted by one or more Electrics, or im- 
perfedt Conduaors, of a moderate thicfc- 
nefs, the eledtric (hock will break them, 
and in (bme circumftances diiperfe them in 
every diredtion, and in fuch a manner as if 
the force'prdcecded from the center of every 
one of the interpofed bodies *. 

* In feveral inftances the tffcSt of a (bock upon aa 
interpofed Body i$ evidently greater on that fide of it 
which communicates with that coating of the jar or 
battery, that is pofTefled of the pofltive Elcdbricity. 
But 6f this more will be faid hereafter. 

A ftrong 
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. A* ftroQg (hockf fent through a flendor 
piece of metals makes it inftantly red-hot# 
melts it, and, if the fufion is perfeS:, redu« 
CCS it into globules of difj^reot magnitudes^ 
If the metal be inclofed between pieces of 
glafs, the (hock, by meltijig it» will fOr^e 
it into the fubflance of the glafs, fo that 
afterwards {t cannot be taken off withtnit 
^ icraping part of the glafs with it. . In this 
experiment the glafles are (battered xo 
pieces, and it is feldom that they refift the 
force of a ftrong; {hock* ; ; ♦ . 

If the glafltSy inclofing the metal, be 
preffed by hetivy weights, then a remarkable 
fmall (hock is capable often not only to 
raife the weight, but to ibreakJuch thick 
glaffes, that otherwife require the force of 
a large battery. Thick pieces of gla6 may 
be alfo broken into innumerable fragments, 
by only lending a (hock over a fmall part 
of their .furface, which is preiTed by 
weights,, without the interpofition of any 
metal. When the(e pi^es of glais are not 
broken, they are marked by the explofion 
with ^he mofl lively prifmatic colours, 
which lie fometimes confufed^. and fome«% 

times 
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times in their prtfmatic order. The coIoi|r-» 
ed fpot is evidently formed by thin plates or 
fcatesy in part feparated from the furface of 
the glaf$; and it gmerally occupies the 
(pace of about one incH in length, and half 
on inch in breadth* 

In melting wires of the fame metal by the 
eleAric fhock, it mufl be obferved, that the 
forces required for that purpofe muft be 
gffeater or lefe» according as the lengths or 
thickneifes of the wires are greater or lefs : 
but they are far from bearing any diredt 
proportion to the quantity of metal;, for if 
a wire of a given length and diameter be 
barely melted by a large battery, a wire of 
equal length, and twice the fubftance, would 
perhaps take ten fuch batteries to produce 
the fame effect upon it. 

When a moderate (hock * is fent through 
an iraperfcijt metal (efpecially if the circuit 
is formed by feveral pieces, as by a chain), 
a black duft, in the form of fmoke, will be 

♦ By a moderate fliock here, I mean, one that Is not 
ahk to mdt^the metal thiougli which it pailcs* ' 

> feen 
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fcen to pfjocecd from the metal> which is 
thought to be fome of the metal itfelf partly 
calcined, and, by the violence of the explp- 
iion, forced from it. 

. If fuch circuit, or'part of it, be laid upon 
a piece of paper, glafs, or other Non-con-^ 
dudbor, this, after the explofion, will be 
found ftained with fome indelible marks^ 
and often fliew evident figns of having been 
burnt. A long and permanent track may 
be marked upon glafs, and fome other bo-* 
dies, by the eleftric explofion, if the in- 
terruption of the circuit be made upon its 
furface. 

, What is piore remarkable, in confidcring 
die eiFedls of £leS:ricity on metals, is, that 
it revivifies their calces ; and, like a true 
phlogiftic procefs, when an explofion is 
made through a piece of the fame, it in 
part returns into its metalline form. But 
here one might juflly fufpedt that the phlo- 
gifton necefiary to revivify the calx is forced 
out of other bodies that contain it^ and 
which lie in the circuit.* 

F Although 
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Although we obferved, in tb€ fifth chap- 
ter, that Ele6l:rk:ity and Magnetifm did not 
interfere with one another's action, yet that 
muft not be underftood ^n general, and whea 
a large force of Eledtricity is meant; for this 
18 capable not only of deftrojring the virtue, 
or of f everfing the poles of a magnetic nee.- 
die, but even of giving it that virtue. When 
the charge of ten, eight, and even a lefs 
number of fquare feet of coated glafs is fent 
through a fine fe^ing-needJe, it will often 
give it polarity, fo that it will traverfe when 
kid on water ^. It is renaarkable, that if the 
needle be ftruck, lying eaA: and weft, that 
end of it which is entered by the (hock, will 
afterwards point north; but if "the needle be 
ftruck, lying north and fi>uth, that- ^tA of 
it which lay towards the i>orth, will in any 
cafe point north ; and the needle will ac- 
qtiire a ftronger virtue in this, than in tber 
fornfier cafe* Laftly^ if the needle is fet 
perpendicular to the horizon, and the elec- 

* A fmart firoke of a bacximtr wiK make a needle 
magnetic : tmt they fhould always be tried before the 
experiment ; for many fmall needles will traverfe upon 
water, without the eleAric (hock, or the ftroke of the 
hammer. 

trie 
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trie &ock h given to cither point of it, af- 
terwarcb the lower extremity of the ntedle 
will point north *. 

That the cledric fpark ftiould kindfe 
inflammable fubftances, I think might be 
^rpedtedi when its power has been confi-- 
dered in many circtimftances^ in which it 
has been obierved to a6t. as a mod pcne« 
testing and extraordinary ^e. In firing G^ 
veral fabftances^ a fbiall fhock is fiifficient j 
and inflammaUe ipirita may be fired even 
by a fpark proceeding from an ekSriiied 
Condudtor. 

If the moderate charge of a large battery 
is difcharged between two fmoofh furface$ 
of metals, or femi-metals, lying at a fmall 
diftance from each other, a beatrtifal ^ot 
will be miarked upon them^ This confifts 
of one central fpot, and ferae ccHicentric 
cicclcs*!*, which are more or lefs diftioi^y 

* See Dr« FraKklin's Letters,, p. 90, anii Becca«^ 
RiA*s Artificial Electricity, § 731, 732, 733, 734. 

t The central fpot as well as the cirdes lie at a little 
diftance from one another; and they are compofed of 
dots and cavities, indicating a true fufioi). 

F 2 and 
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and more or lels in number, according ^s 
the metal upon which they are marked, re- 
quires a lefs or greater degree of heat to be 
* melted, and as a greater or lefs force is em- 
ployed. 

, If the explofion of a battery^ iffuing from 
a pointed body, as the point of a needle, be 
repeatedly taken upon the plain furface of a 
piece of metal fituated at a little diftance 
from the point, or if iffuing from the furface, 
be taken upon the point, that metal will be 
marked with a coloured fpot, confiding of 
all the prifmatic colours difpofed in circles, 
and' evidently formed by fcales, or thin 
plates of the metal feparatcd by the force of 
the explofion*. 

When the difcharge of a battery is m^de 
by bringing the ends of two Conduftors, 
^communicating with the infide and the 
outfide of the battery, in contadt with, or 
at a little diftance from, the furface of feve- 
ral condu(5bing fubftances, as water, raw 

* For further particulars concerning tbofe circles,. 
fee the Phil. Tranf. vol. LVIII* 

meat^ 
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rneat^ &c. it is obfervable that the Eledlri* 
city» inflead of entering thofe fubftances, 
goes over their furface, and in a lucid fepa- 
rate body reaches from Conductor to Con- 
dudor; fometimes it prefers a much longer 
pafTage over the furface, to a (horter oqc 
through any fubftance. In this cafe the 
explofion never fails to give a concuilion to 
the body, over whole furface it paiTes* 

The eleftric explofion, or even eledric 
iparks, when taken in different kinds of air, 
or permanently claftic fluid, was obferved by 
Dr. Priestley to a6t like a true phlogiftic 
procefs *. . But, upon a nicer examination, 
it ieems that the phlogiftic principle does 
not proceed from the eled:ric fluid itfelf, 
but is detached, by the force of Ele^icity, 
from tliofe Condudors, between which the . 
explofions or fparks are taken -f*. It m^y 
be alio mentioned in this place to have been 



♦ Sec Dr. Priestley'$ fecond vol. of Obfervationg 
on different Kinds of Air. 

t See my Tr^tife on Air, and other permanently 
(laftic Fluids, p. 433. 
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fo»nd ty Dr. Priestley, that jcvcry kind 
,pf pcrmaoendy elaftic ftuid is a Non-^coo-r 
(iu^Cwr of Eledtricity ; but probafciy they 
u% not all of the fame degree. The co- 
lour of the ele£bric (park, although equally 
yjjSiblej yet is not of the fame colour in 
leviery fprt of elaftic fluid. In inflaimiisab^ 
aryi in alkaline air, it appears of a purple or 
red colour ; in fixed air it appears white. , 

The ekjfltric explofions taken upon the 
leaves of certain flowers, change their cor 
Jour *. 

Beflde^ the aboirefOientioned properti^ 
of chai-gedrgjafs, tiiere are a few more ob^ 
ferved, : which as y«t have neither been fuf- 
liciently invfifligated, Jlor fo far purfued as 
%Q be reduced underbuy general laws. They 
aflford a grtof'field for fpeculati(^, aiid feem 
to be mOBe indmately conned:ed with the 
nature of Elcftrics in general ;, but it feems 
not proper to make any general conclqfions 
from the fadls already known^i at Ica^: ip a§ 

f DrvPaiESTLEY^s Hift, of Elcaridty, Per, VIL 
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to be infertcd in this part of the prefent 
trcatife. I (hall therefore employ a chap- 
ter for the liarjsation of the fame, in which 
1 (hall relate the principal, and mpre pro- 
mifing experiments hitherto made,^nd take 
notice of the beft conjedures offered for 
.their explanation. This chapter will be 
found at the end of the third part, in which 
place, I think, it will be more acceptable 
to my readers, particularly fuch as have not 
been much converfant with Eledricity, and 
therefore require firft the defcription of the 
eledtrical apparatus, and the knowledge of 
the experiments necejSary to prove the fads 
recited. 



C H A P. VIII. 

Of Jkmqfpherical Ek^ricity. 

WHORVER has remarked the nu- 
merous properties of Eleftricity al- 
ready mentioned, and has confidered their 
cxtenfite power, will,. I doubt not, be 
g^atly furprifed, when he compares the 
ftatC) iQ which die fcience remained half a 
F 4 ' century 
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century ago, with that in which it is at 
prefent % but his wonder will ftill increafe; 
when he is told that Eledlricity is not only 
to be obferved by rubbing an filedlric, or 
warming a Tourmalin, but that it has been 
found to exifl in the air, rain, and clouds : 
that thunder and lightning have been difco- 
vcred to be its effects ; and that, in fliort, 
whatever has the appearance of fire, or of 
any thing extraordinary in the atmofphere, 
and upon the earthy has been attributed to 
Eledricity, 

That the effcdts of Ele6l:ricity bore a great 
refemblance to thunder and lightning, had 
been fevgral times remarked by philofo-^ 
phers, and efpecially by the learned Abb^ 
NoLLETi but that they fhould aftually be 
found to be effcdls of the fame caufe, and 
that the phenomena of EleiSricity fliould be 
imitated by lightning, or thofe of lightning 
by Eleftricity, was neither thought poffl- 
ble, nor fufpeded, till the celebrated Dr. 
Franklin made the bold affertion 5 and 
fhe French philofophers firft, and aftcr^ 
V^ards Dr. Franklin, proved the faft by 
undeniable arguments in the year 175^* 

Th« 
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The fimilarity of lightning and Eleiftri- 
city is not to be remarked in a few appear- 
ances only, but it is obfcrvable throughout 
all their numerous eSeds, and there is not 
a fingle phenomenon of the one, but may 
be imitated by the other. Lightning de- 
ftroys edifices, animals, trees, &c.; lightning 
goes through the beft ConducSors which it 
meets in its way, and, if its paflage is ob- 
ftruiled by Eledlrics, or lefs perfcd: Con- 
ductors, it rends them, and difperfes them 
in every dired:ion; lightning burns, and' 
melts metals and other fubftances^ a ftroke 
of lightning often difturbs the virtue of a 
magnet, and gives polarity to ferruginous 
fubftances; and all thefe efFedts, as has been 
obferved above, may be produced by Elec- 
tricity* But, independent of the great fimi* 
iarity exifting between lightning and Elec- 
tricity, what fully proves their identity is, 
that the matter of lightning may be ac- 
tually brought down from the clouds by 
means of infulated and pointed metallic 
rods, or by eledirical kites, and with it any 
known eledrical ejcperimcnt may be per-r 
formedf 

Clouds, 
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Clouds^ as well as rain, (now, and hail, 
diatfall from them, are almoft always elec- 
trified, but oftener negatively than pofitivc- 
ly; and the lightning, accooapanied with 
the thimder, is the effedt of the Ele&ricity, 
which, darting from a cloud, or a number 
of clouds, highly eleftrified, ftrikes into 
another cloud, or elfe upon the earth i in 
which cafe it prefers the mbft lofty and 
pointed places, and by this ftroke produces 
all thofe dreadful effedts, that are known to 
be occafioned by lightning. 

The air, at fome diftance from houfesj 
trees, mails of (hips, &c. is generally elec- 
trified pofitively, particularly in frofty, 
clear, or foggy weather; bat how the air, 
the fogs, and the clouds become eled:rificd, 
has not yet been clearly afcertained, al^ 
though feveral Qonjeftures have been offcr*- 
ed; excepting however the principle of the 
electricity produced by evaporation and con- 
denfation. • 

After that Eledricity and the matter of 
lightning were found to be the fame things 
philofophers began to fufpeft the a<3:ion of 

Elcftricity 
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JSkdricity to be where it had before beea 
lefs imagined) ^nd not without realbn en^'* 
devoured to reconcile to it feveral other fit«- 
tural appearances. The aurora borealis, or 
northern light, was ibon attributed to Elec^ 
tricity, on obferring that by this that flam«^ 
ing Ught may be imitated ^, and that the 
aurora borealis, when very ftrong, has been 
known to difturb the magnetic needle -f*, 
which is alio an effed of Eledricity* 

The accentiooSf that are ofteii £ctn in thi: 
atg^ofphere (commonly calledyZ^/fcajg* Stars) - 
ftre thought to be eledkrical appearances. 
The fame is alfo fuppofed to be th^ cauft 
of fuch other meteors, like white clouds; 
that often appear by night-time, particu- 
larly in hot climates. Befides thofe pheno- 
mena, water -Ipouts, hurricanes, whirl- 
wind^, and even earthquakes, have been at-* 

♦ The late Mr, Canton frequently coJIe£led Elec- 
tricity in a conilderable degree, during «the time of an 
aurora borealis. His apparatus for that purpofe con- 
fitted of an infulated fifliing rod, ereded on the top of 
|iis houfe, and having a wire twitted round. 

I Sec the Phil. Tranf. vol. LIX. page 88. 

tributed 
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tributed to Elcftricity* But now, perhaps, 
the reader will think pbilofophers too ex* 
travagant, in going fo far with Ele^ricity* 
Such thoughts feem at firft light to be ex- 
travagancies ; but if it be confidered, that 
they do not appear to coatradid: the known 
laws of nature, that they are not aifertions 
abfolutely void of proofs, add that they 
^re the thoughts of great pbilofophers, 
then, I think, they may be admitted, at 
leaft fo far as to be tried on proper oc- 
caiions, and to be coniidered as the mod 
plaufible conjectures yet offered in expla- 
nation of the moft furprifing phenomena of 
nature*. 

* For further conjedures, fee Dr. Franklin'^ 
Jitters, and Pr. Frisstlsy'? Hift;of £IcA. 
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CHAP. IX. 

Advantages derived from EkSfrictty. 

NATURE, ever wife aiid admirable ia 
her actions, fcems to follow a cer- 
tain fimilarity in her works with a confor- 
mity of operations, and» from the fimplefl: 
to the moft complicated of her objedls, an 
analogy is obfervable, which, as it is won- 
derful to be confidered, (o it is inftrudtive 
and ufeful. It is on account of this ana- 
logy, that whenever a difcovery is made in 
any part of natural philofophy ; whenever 
a fcience is advanced, we not only attain to 
the knowledge of that fingle law, or par- 
ticular fcience, but at the f^me time ac- 
quire means in general of inveftigating the 
operations of nature with fomewhat more 
certainty and accuracy; and by purfuing-that 
analogy we are enabled to make further diA 
coyeries, and to improve every branch of 
knowledge. How far Eledwcity has con- 
trijt)uted towards this purpofe, I think is 
unneceffary to be further proved, when its 

adion 
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adlion has been fliown to be fo general^ and 
fo powerful^ as to perform what no art can 
operate. But, befides the field that Electri- 
city has opened for further difcoveries, and 
the fatisfadion of that curiofity, which be- 
fore attended the contemplation of fo many 
wonderful phenomena as have been ex- 
plained by this fcience, there are two great 
advantages derived from Eledlricity; the one 
is a defence agaioib the direful efFcdts of 
lightning, and the other a remedy for many 
diforders incident to the human body. 

\ In order to guard edifices or fhips from 
being damaged by lightning, it was judici- 
oufly propofed, by Dr. Franklin, to raifc 
a metallic Condtiiflor fome feet abovd the 
higheft part of the building, and continue 
it down the wall till it penetrated fome feet 
into the ground; by this means the houfc 
could never receive any damage ; for when- 
ever the lightning (bould happen to fall 
upon it, it is evident that the Condudor, 
being of metal, and higher than any part 
of the building, would certainly at trad it, 
and, by conducing it to the ground, hinder 
that building from receiving any damage i 

for 
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for it i*s known that £led:ricity always flrikes 
the neareft and befl Conductors that it meets 
with ii) its way. 

The rcafonablenefs and truth of rfiis affer- 
tion has been confirmed by humberlcfs fa<£ts, 
and the praftice of raifing fuch Coikludlors^ 
has been found exceedingly ufefiil, partica- 
larly in hot climates, where thunder-ftornis 
are very frequent, aiid the damages occa- 
fioned by the fame too often experienced. 

In regard to theconftruftion of fuch Con- 
ductors, there have been Ibme contfover fietf 
among Eledlricians ; and the moft advairta- 
geous manner of ufing them has not, with- 
out a great many experiments^ and but very 
lately, been afcertaincd. Some philofophcr 5 
have aflertcd that fuch Conductors ihould 
terminate in a blunt end, that they might the 
lefs invite the lightning from the clouds; for 
a blunt end will not attraCt ElciSricrty fronv 
{o gi'eat diflance as a fharp: point. But foDM 
other philofophcrs hive thought a pointed 
termination to be much> preferable to a blunt 
one; and their aifertion ieems, on the IbU 
2 lowing^ 
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lowing accounts, founded on much better 
reafoning. 

A (harp-pointed Conduftor, it is true, 
will attrad Eledlricity from a greater dif- 
tance than a blunt one,»but at the fame 
time will attrad and condufl: it by little 
and little, or rather by a continued ftream, 
in which jnanner a remarkably fmall Con- 
ductor is ca{)able of conducing a very great 
quantity of EleiStricity ; whereas a blunt- 
terminated Conductor attradls the Eledtri- 
city in a full feparate body, or explofion, ia 
which manner it is often made red-hot, 
xnelted, and even exploded in fmoke, and 
ty fuch a quantity of Eleftricity as per- 
haps would not have at all affedted it, if it 
had been fharply pointed. 

Afharp-pointed Condudtor certainly in- 
vites the matter of lightning eaiier than a 
blunt one; but to invite, receive, and con- 
duct it in fmall quantities, never endangers 
ihe Conductor : and the objed of fixing a 
Conductor to a houie, is to proteft the 
houfe from the effects of, and not the Con- 
ductor from tranfmitting the lightning. 

It 
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It Is an obfervation much in favour of 
fharp-poirited Condudors, that fuch ftceplcs 
of churches, and edifices in general, as afe 
terminated by pointed metallic ornaments, 
have very feldom been known to be ftruclc 
by lightning; v^hereas others that have flat 
or blunt terminations, and have a great 
quantity of metal in a manner irifulated on 
their tops, are often ftruck by it, and it is 
but feldom that they efcape withput great 
damage. However it happened not long 
ago that a building furnished with many 
(harp conduftors wais ftruck by lightning*. 

Befides thofe coiifiderations, a fharp- 
pointed Cpndu<ftor, by the fame property 
of attrading Eledricity more than a blunt 
one, may aftually prevent a ftrokc of light- 
ning -{•, to do which a blunt-ended one is 
abfoiutely incapable. 

A Gonduftor therefore to guard a build- 
ing, as it is now commonly ufed in con^ 

♦ Sqe the Pha. TranC Vol. LXXII. 

t This and other properties of pointed ConduQora 
wiijl be made V> appear very evidently by experiment*. 
G ' fecjuence 
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fcquence of feveral confiderations, and ex- 
periments, fliould confift of ope iron tod* 
about three quarters of an inch thick, 
fattened to the wall of the building, not 
by iron cramps, but by wooden ones. If 
this ConducStor was quite detached from the 
building, and fupported by wooden pofts at 
the diftance of one or two feet from the*^ 
wall, it would be much better for common 
edifices, but it is more particularly advis- 
able for powder-magazines, powder-mills,, 
and all fuch buildings as contain com- 
buftibles ready to take fire. The upper 
end of the Conduftor (hould be terminated 
in a pyramidal form, with the edg^s, as 
well as the point, very {harp^f- ; and if the 
Condudor is of iron, it fhould be gilt, or 
painted, for the length of one pr two feet.^ 
This iharp end fliould be elevated above the 
highefl part of the building (as above a.- 

* Copper would do much better than iron for a Con- 
duftor ; it being a more perfedl Condu£lor of Ele£lri- 
city, and at the famq time not being fubjedl to contradt 
ruft as foon as iron. 

t This pyrai^idal termination of the Conduftor is an 
improvement of an ingenious Electrician, Mr, Swift 
at Greenwich, 

ftack 
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flack of chimnies, to which it may be 
£aftened) at leaft five or fix feet. The 
lower end of the Condudlor (hould be dri- 
ven five or fix feet into the ground, and ia 
a direction leading from the foundations; 
or it would be better to conned it with the 
neareft piece of water, if any be at hand* 
If this Condudor, on account of the diffi- 
culty of adapting it to the form of the 
building, cannot, conveniently be made of 
one rod, then care fhould be taken, that 
vrhere the pieces meet, they be made to 
come in as perfefl: contact with one another 
as poflSible; for, as we obferved before, 
Ele(3:ricity finds confid6rable obftruftioa 
where the Conduftor is interrupted. 

For an edifice of a moderate fizc, one 
Condudtor, in the manner already defcribed, 
is perhaps fufficient; but, in order to fe- 
cure a large building from fuftaining any 
damage by lightning, there (hould be two, 
three, or piore Conduftors, in proportion 
to the extent of the building. 

On board Hiips a chain has often b^en 

ufed for this purpofc, which, on account of 

G z its 
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Its pKablenefs, has been found very con- 
venient, and eafy to be managed among the 
rigging of the veffd; btit as the Eledlricity 
finds a great obftrO(ftion in going through 
the feveral links, for which reafon chains 
have been aftually broken by the lightning, 
fo their tife has n6w been almoft entirely 
laid afide ; and, in their ftcad, copper wire» 
a little thicker than a goofe-quill have .been 
fubftitutcd, and found to anfwer very wcH. 
One of thefe wires fliould be elevated two 
or three feet above the higheft maft in tfeft 
veffel ; this ihould be continued down the 
maft, as far as the deck, where, by bend- 
ing, it fhould be adapted to the fprface of 
fuch parts, over which it may moft con- 
veniently be placed, and, by continuing it 
down the fide of the veffel, it ftiould' be 
always made to communicate with the wa^ 
tcrofthefea. 

In regard to perfonal fecurity, in cafe 
a thimder-ftorm were to happen while a 
perfon is in a houfe not fumifhed with « 
proper Conduftor, it is advifable not to 
ftand near places where there is any metal, 
^s chimnics, gilt frames, iron cafements, 

or 
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er the like ; but to go into the middle of a 
Toonj, and eodeavour to ftand or fit upon 
the heft .No0-condu(Sor that can be found 
at hand, as an old chair, a ftod, &c. " It 
** is ftill fafer (fays Dr. Franklik) to 
'* bring two <)r three matrafles or beds into 
** the middle of the room, an3, folding 
*• them up double, put the chair upon 
*' them ; for, they not being fo good Con- 
** dtidors as the walls, the lightning will 
** not choofe an interrupted courfe through 
*^ the air of the room and the bedding, 
** when it can go through a continued 
** better Condudtor, tl?e wall. But wheje 
** it can be had, a hammock or fwinging 
*^ bed, fufpcnded' by filk cords, equally 
*/ diftant from the walls on every fide^ and 
♦* from the cicling and floor above and be* 
*^ low, affords the fafeft fituation a perfon 
" can have in any room whatever, and 
*' what indeed may be deemed quite fref5 
^' from danger of any ftroke by lighttjing.'* 

If a ftorm was to happen whilfl a perfon 

is in the open fields, and far* from any 

building, the befl: thing he can do is to re^ 

tire within a fmall difl:ance of the highcft 

G 3 tree 
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tree or trees he can get at; he muft by no 
means go quite near them, bi^t fliould ftop 
at about fifteen or twenty feet from' their 
outermoft branches > for if the lightning 
fhould fall thereabout, it will very probably 
ftrike the trees ; and In cafe a tree was to be 
Iplit, he is fafe enough at that diftance from 
it. 

In regard to the other great ufe of Elec- 
tricity, viz. its application as a medicine, 
there have been many opinions pro and 
contra^ and the reputation of medical Elec- 
tricity has , been very dubious and fluctua- 
ting; owing to the exaggerations, the mif^ 
takes, the prejudices, and the intereft of 
thofe who hav adminiftercd it in phyfical 
cafes. But after many experiment^, and' 
after overcoming the rooted prejudice of fe- 
veral phyficians againil medical Eledricity, 
it has been clearly obferved, that, when 
properly managed, it is an harmlefs reme- 
dy, which fometimes inftantaneoufly re- 
moves divers complaints, generally relieves 
and often perfedly cures various diforders, 
fome of which could not be removed by the 
9 utmofl: ' 
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utmoft endeavours of phyficians and fur- 
geons. 

It is an important retnark, that Elcftri- 
city, when, properly managed, . if it docs 
not efFed: a cure, at leaft it produces no tad 
efFedt ; the few cafes in which it feems to 
have produced any harm, are of a doubtful 
nature. 

The remarks made by philofophers, re- 
lating to the efFedts of Eledlricity upon the 
human body in general, are the following ; . 
n)iz. that by eledtrization, whether pofitivc 
or negative, the pulfe of a perion is quick- 
ened, the number of pulfations being ge- 
nerally increafed about one fixth ; and 
that glandular fecretipns, and the infenfible 
perfpiration, are promoted, and often even 
reftored, when they had been entirely ob- 
ftrufted. Thefe e/Feds maybe proved by 
feveral experiments, independent of phyfi- 
cal cafes ; and I think there is nobody 
who will deny, that fuch promotions are 
not only beneficial, but abfolutcly ncceflary • 
for removing feveral diforders. It might 
be naturally fufpedted, that the promotion 

G 4 of 
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of perfpiration, and of glandular fecretion, 
were only the confequence of the acce- 
lerated pulfation, and not the immediate 
efFeft of Eleftricity: but the contrary is 
cafily proved, by obferving that, in various 
cafes, the quickening of the puliation by 
other means, independent of Electricity, as 
fear, cxercife, &c, did not promote thofc fc- 
cretions nearly fo much, if at all, as ele<flri- 
zation ; and alfo, that glandular fecretion 
and perfpiration are often promoted by 
Eledtricity, when applied only to a parti- 
cular part of the body, in which cafe it fcl- 
dom, if ever, accelerates the pulfation. 

Hitherto it has not been difcovcred, that 
the electric fluid a(3s within the human body 
by any chymical property, as moft medi- 
cines generally do; but its aftion. By which 
it produces the above-mentioned eflfedts, 
may be confider^d merely as % mechanical 
ftimulus; for it fecms to a<9: as fuch, even 
within thofe parts of the body, which^ 
efpecially when difeafed, arc moftly out of 
the reach of other remedies. 

Formerly, in order to ftimtilate, or in 
general to apply Eleftricity to any difeafed 

6 part 
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part of the human body, ftrong {hocks, or 
at leaft very pungent fparks, were thought 
, ncceffary j but at prefcnt it is very rcaibn- 
ably eftabliflied, upon experiences that the 
greateft eledric powers which can be ap- 
plied with good expedationis, are exceed- 
ingly fmall (hocks and moderate fpark?, 
the proper force of which will be particu- 
larly deicribed in thefequel; but that, m 
general, the moft proper treatment is, to 
throw the fluid by means of a wooden 
point, as it is commonly called, or «nerdj< 
by a metallic point ; in which laft cafe, the 
pcrfon ele<arified feels only a gentle wind, 
upon that part of the body towards whicli 
the point is direded. 

By confidering the abave-mentioned «S^ 
fcO:s of Eledricity, one m^y naturaliy fui^ 
pe<Sb, that in cafes of preternatarai di(^ 
charges, the application of filefbrictty would 
be rather injutious than beneficial $ be** 
caufe in thofe cafes the difcfaarge is required 
to be fupprefled, and not promoted. In 
refped: to this in^vportant point, it has beetl 
obfcrved, that if ftrong (bocks, or very 
pungent fpark^, Me givoi to the pat4ent« 

affliifted 
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affli£i:ed with thofe difcharges, the difcafe 
' is feldom cured, and on the contrary is 
often increafed ; but when only the fluid is 
drawn from the part, by means of a wood- 
en point, br at moft exceedingly fmall 
ihocks are adminiftered, wheh the feat of the 
difeafe is more internal, then the difcharge, 
&c. is at firft generally promoted for a few 
days or hours, according to the nature of 
the difeafe and other circiimftances, but 
afterwards it leflens by degrees, till it is 
quite cured. In cutaneous eruptions, the 
application of Eleftricity is generally at- 
tcuded with fimilar effedls.— The eruption 
firft fpreads farther for a (hort time, and 
* afterwards lefTens by degrees till it quite 
vanifhes* From thefe obfervations it ap- 
pears, that the application of Electricity, 
when judicioufly managed, does not mere- 
ly promote any difcharge or circulation^ of 
fluids, but rather affifts the vis vif^e, or 
that innate endeavour, by which nature 
tends to reftore the found ftate of the 
injured parts of a living animal. It may 
perhaps be ever difficult to explain in 
what manner Eledtricity affifts that natural 
endeavour 5 . but experience (hews the cer-* 

tainty 
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tainty of the fa6t, and with it we muft 
be gratefully contented ; for we may apply 
the efFefls to our wants, thotigh we ara 
ignorant of their caufe, and of its mode 
of adting. 

When an cle<ftric (hock is fent through 
any part of the body, an inftantaneous invo- 
luntary motion or convulfion is occafioned, 
which fliews that the mufcular fibres through 
which the fliock is fent, are expanded, or In 
fome ot*her manner con vulfed. This invo- 
luntary motion, though not fo ftrongly, is 
occafioned alfo by fparks, and often even 
by drawing the fluid. — Farther, when a 
fliock is fent through or over feveral fub- 
(lances beiides the human body, a tremu- 
lous motion and an expanfion is evidently 
occafioned, as may be fliewn by many 
electrical experiments. Now all thefe ob- 
fervatiOns may perhaps, in a manner, ex- 
plain thp aftion of Eleftricity upon the 
organized parts of an animal body, by com- 
paring it with the tremulous motion given 
to pipes of any fort, through which fluids 
are tranfmitted, in order to accelerate their 
paflage, and to prevent ajjy ftoppage, which 

might 
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might arifc from ftagnatbn or accumalation 
of grofs bodies. Perhaps the rcafon why 
ilrong (hocks are generally hurtful, may Iks 
becaufe the irritation they give to the ob- 
flrufted parts, efpecially when they are very 
minute and delicate, breaks their organiza- 
tion^ the force being greater than thofc 
parts can naturally bear. 

Independent of undeniable pradical ob^ 
fervations, when it is only admitted that 
Elcdricity promotes natural fecretion^ and 
circulation, which it certainly does^ there 
ibllows, that its application moft be be* 
fieficial in cafes of unnatural diicharges; 
for in thofe cafes the dijfcharge is occa- 
fioned by the obftru<9ion of the natural 
ways ; but Eleftricity removes thofe ob- 
ilruftions, which is the fame thing as to 
promote natural fecretion and circulation ; 
therefore, it.muft^fupprefs the unnatural 
difcharge, which can no longer exift when 
the natural courfe of the fluids has been re« 
Itored. . 

With refpeft to difeafes in general, two 
ftatcs of the affefted parts (hould be con- 

fidcred. 
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Cdcred. The firft is, the immediate and 
recent caufe of the difeafe ; and the iecond 
ftate is, the alteration of other parts, 
efpccially folid, which is occafioned by the 
long continuance of the firft and principal 
caufe; thus, for inftance, the weaknefs or 
rupture of fome vefiels within the body^ 
may occafibn extra vafkt ion of fluids, which 
is the firft ftate of the difeafe. Now if 
thefe cxtrAvafated fluids continue in ^nj 
part of the body, they will gradually oc- 
cafion a fuppuration, an inflammation^ or 
other fymptoms, which vary according to 
innumerable circumftances. This we may 
confidcr as the fecond ftate of the difeafe* 
Again, when a palfy deprives a part of the 
4K)dy of its motion, the flefliy and even the 
more folid parts, in procefs of time, wafte 
«nd become disfigured ; which is the efftA 
of the obftrudied motion and circulation, 
and which we n>ay therefore confider as 
the fecond ftate of the difeafe ; and fo of 
the reft. Now it has been obferved, that 
the power of Ele<ftricity often removes the 
firft ftate of the diforderj but the latter is 
very feldom cured by it. Indeed it feems 
almoft impoftible that a disfigured bone or 

deftroyed 
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deftroyed organization fhouid be reftorcd 
to its found ftate by means of Eledricity. 
Dr. Franklin having eleftrified feveral 
paralytic perfons in America, obferved that 
they were generally relieved for a few days 
at the beginning, but that they afterwards 
cither did not mend,' or relapfed into the 
ftate they were before the ufe of Elec- 
tricity*. Here it muft be obferved, that 
thofe paralyfies were moftly of a long 
ftaqding, and alfo that the method pradlifed 
by the Dodor, was to give ftrong fliocks, 
which we have already remarked to be ra- 
ther prejudicial. 

In general, the application of Electricity 
has been found to be of very little ufe ia 
cafes of long ft andihg ; becaufe, as we ob- 
ferved above, the more Iblid parts, by the 
long contiauance.of the diforder, have un- 
dergone fuch alteration, as cannot be re- 
ftored by a mere ftimulus, fuch as the 
ele(3:ric aftion is fuppofed to be. How- 
ever, fometimcs difeafcs of many years 

r 

♦ See Dr. Franklin's Philofophical Letters, 
Papers, &c, and Dr. Priestley's Hiftt of £le<5lri- 
city. 
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ftanding have been pcrfeftly cured or re- 
lieved by means of EleSricity. In thefe 
ca(*es, therefore, although there may be lefs 
hope of efFeding a cure, it is not improper 
to apply the power ef Eledtricity, which, 
when judicioufly managed, docs never pro- 
duce any bad efFefts. 

Hitherto, I do not know that any au- 
thentic fads have (hewn any difference 
between the application of different kinds 
of Electricity, in medical cafes. Whether 
the patients be eledtrified by the prime 
Condudlor, or the infulated rubber of the 
ufual eleftrical machines, mz. whether 
they are eledrified pofitively or negatively, 
feems to be quite indifferent. 

In refped to the cafes in which Elec- 
tricity may be applied; experience (hews, 
that in general, all kinds of obflrudions, 
whether of motion, or circulation, or of 
fecretion, are very often removed or alle- 
viated by Electricity. The fame may be 
alfb faid of nervous diforders ; both which , 
include a great variety of difeafes. To 
perfons affliClcd with the venereal difcafe, 

or 
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or to pregnant women, deftrization has 
been thought to be pernicious ; but my 
reader may be aflured, that even in thofe 
cafes it may be ufed without fear, if it is 
jfidrcioufly managed, • When pregnant wo- 
men are to be eleftrified for any diforder, 
the (hocks fhould be abfolutely forbidden ; 
and even when the other more gentle treat- 
ments are ufed, a conftant attenfion fliould 
be given to any phenomenon that may ap- 
pear in the courfe of the cledlrization ; the 
method of which ihould be increafed, di- 
miniflied, or fufpended, according as cir- 
cumftances may indicate. ^ 

. Having thus given a fummary view of 
the theory of medical EleAricity, without 
entering into the detail of any phyfical 
cafes, I ihall referve to treat at large of the 
pradioal part, for the latter end of this 



CHAP, 



Digitized by VjOOQ IC 



OH Electricity. 



CHAP. X. 



97 



Containing a compendious view of the prin^ 
' cipal properties of EleSlricity. 

AFTER thelaWs hitherto eftabllflied 
in the fcicnce of Electricity have 
been exhibited at large; and the particulars 
relating to each have been fufficiently con- 
iidered, it will not be amifs to fhow in how 
final] a compafs thofe laws may be reduced, 
and how narrow is the foundation of all 
that has hitherto been done. 

I doubt not but this recapitulation will 
prove very ferviceable to thofe, vvbo are no- 
vices in Eledlricity, as', by getting in me- 
mory a few particulars, they will hot only 
reconcile all that has been faid before, but 
will alfo be enabled themfelves to explain 
moft of the following experiments, and to 
uncierftand the applicatipn, of the hypd- 
thefis, of which we fhall n^^^t proceed to 
treat/ 

H AH 
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All the natural bodies are divided into 
two clafles^ /. e. Eleflrics and Condudtors. 
Eledrics are fuch as may by fome means 
be excited, io as to produce Electrical ap« 
pearances; but Condu£l;ors are filch as can- 
not be excited by themfelves, /. e. without 
the interference of an Elcdric : further, 
electrical fubftances will not tranfmit Elec- 
tricity, whereas the iubftance of ConduC'* 
tors is pervaded by it, 

Eledricity may be produced four way«, 
/. e. by fridlion, by heating and cooling, by 
melting, or pouring one melted fubftance 
into another, and by evaporation. 

When two different hodies, except they 
are both Conductors, are rubbed together, 
they will both (provided that which is. a 
Conductor be infulated) appear eleCtrified, 
and pofTeiTed of difForent Electricities; fo 
when a piece of fmooth glafs is rubbed 
with an infulated .piece of leather, it ac« 
quires one kind of Eleftricity, called the 
vitreous, pofitive or plus EleCtrifcity; and 
the infulated leathec acquires the other, 

called 
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called the refinous, negative or minus £lec« 
tricity. 

The difference between thefe two Elec- 
tricities confifts principally in the appear- 
ances of their lights and in the phenomena 
of attra<ftion and repulfion. 

When, the pofitive Eledlricity is enter- 
ing a pointed body, it caufes in general the 
appearance of a lucid flar or globule on that 
point; but the negative Ebdricity gene- 
rally (hows a lucid pencil of rays ieeming 
to ifTue from the extremity of the pointed 
body^ 

Bodie$, poffeffed of the fame Ele<5tricity» 
repel each other; but bodies^ poffeiTed of 
different Eledricities, attraA each other* 

Whenever bodies of any kind corpe 
within the fphere of action of an eledri- 
ficd body, cfxccpt they are very fmall, and 
infulated, they become actually poffeiTed of 
the Elcjftricity contrary to that of the elec- 
trified body, to which they are prefented* 

Ha Na 
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[ No Eleftricity can be obfervcd upon the 

I furface of any eledrified body, except that 

furface is contiguous to an Eleftric, which 
Eledtric can fomehow or other acquire a 
contrary EledSricity at a little diftance, 
Otherwife,— no Eleftricity can appear upon 
the furface of any eledlrified body, except 
that furface is oppofite to another body, . 
which has adtually acquired the contrary 
Ele6tricity, and thefe contrarily electrified 
bodies are feparated by an Eledlric** 

If 



* On confidering this principle, it may be afked, 
why any Ele£tricity can be obferved upon the furface 
of ^ ^ledrified body, that is infulated at a confider- 
^le diftance from other ConduAors? Or, which is 
the EleAric, that is contiguous to the furface of an 
electrified Conductor, or excited EleSric, and which 
has adually acquired a contrary Electricity at a little 
diftance from. the faid furface ? To this queftion is 
anfwered, that the air is in general the Elediric, 
which is oppofite to the furface of any eleCtrified body, 
which being not a perfect ele(Elric, does eaiily ac- 
quire a contrary EleAricity on a ftratum of its fub- 
flance, that is at a little diftance from the elefbrified 
body ; and in confequence of this ftratum ^ it acquires 
another ftratum contrarily eledrified, and at a little 
dift»Eiccfi:ojn:the former; to this, other ftrata fucceed^ 
^ternateJy^pdii^ifed of pofitive and negative Eledri- 

citie9> 
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If the rcpulfion cxrfting between bodies 
poflefled of the fame kind of Eledlricity be 
excepted, all the other eledkrical phenomena 
are occafioned by the paffage of Eledricity 
from one body to another. 

A confiderable quantity of Eledlricity 
cxifts in the atmofphere, and is certainly 
employed for fome great purpofes of na*- 
ture. 

The air, the clouds, the rain, the hail, 
the fnow, and the fogs, are almoft always 
eledrified; but eledtrization has not been 
found to promote or retard coagulations, or 
the freezing of water. 

Thefe few laws, well confidered, will be 
found to contain almoft all that is known 
of the fubjed, and if properly applied, they 



cities, and decreafing in power until they vanifh, or 
come to the walls of the room, &c. Confider the 
experiment of the glafs tube, mentioned in the Vlth 
chapter, which (hows that, in general, when an Elec- 
. trie, fufficiently denfe, is prefentcd to an eleftrified 
body, it acquires fucceffivc zones, or ftrata of pofitive 
and negative Elearicity. 

H3 

may 
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may explain mod of the eicperiinehts that 
follow. 

Befides what has beea faid in this part of 
the prefent Trcatife, there are feveral other 
maxims, rules, &c. to be kflown in Elec- 
tricity ; but as thcfe moftly refpedl tlie real 
J)ra(ftice, fo they will be occafionally infert- 
cd in o^her places, that feem better adapts* 
ed to their receptiout 



PART 
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PART II. 

VHBORY OF ELECTRICITY. 



CHAP. L 



Tie Hypotbefis of Pofitive and Negative 

Ele£iricity. 

IT is the bufinefs of Philofophy to colled 
the hiftbry of appearances^ and front, 
thefe to deduce fuch mechanical lawst as 
may either be themfelves of immediate ufe, 
or lead to the difcovery of other fadts more 
interefling and neceflary for the bappineft 
of human kind. After a number of fuch 
conflant appearances, which are called na- 
tural laws, have been eftablifhed, and con- 
firmed by a fufficient number of experi- 
ments, it is then proper to inveftigate the 
caufe of thofe effe<fts ; which, if it is once 
difcovered, and its mode of adling is afcer- 
tained, puts an end to the trouble of expe- 
rimental inyefligation, and renders the ap- 
plication of its effects certain, and deter* 
minate. 

H 4 Caufes 
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Caufes and effeds are fb intimately con- 
nected and dependent on each other, that 
throughout the fyftcm of nature we every 
where^ difcover a feries of energies, which 
whilft they are depending on, and derived 
from, their preceding terms, are at the fame 
time the caufes of their fucceeding ones. 
But what is the firft caufe of all the reft,' 
which being not the efFed: of any preceding, 
may be called the fource of all, and the firft 
terrain the. feries? In contemplating this 
fource, the mind is loft in wonder, and, af- 
ter we are advanced a few fteps, we find 
that a cloud obftrudls our further progrefs, 
and, from continuing our inquiry and con- 
templation, nothing more can be derived but 
an argument to prove the imbecillity and 
fhortnefs of our underftanding^ This how- 
ever is not the fubje6t of the prefent Trea- 
tife; and all I meant to deduce is, that,, after' 
the laws of Eledricity have been confidered, 
it is neceflary that we fhould go a little 
further, and inveftigate, if poflible, the im- 
mediate caufe of that property in nature, 
or confider the moft probable conjedures 
that have been offered on this fubjedt : by 
the knowledge of which we may explain all 

the 
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the known eledrlcal appearances, and adapt 
their effeias to our purpofes with fomewhat 
more certainty and preciiion. 

The vaft nuniber of hypothefes that have 
been franaed in explaining the eledrical 
phenomena^ from the infancy of thefcience 
to the prefent time» may be eaiily imagined, 
by confidering the great number of labour- 
ers» and the difcoveries that have been pro- 
duced without intermiilion in this field of 
wonders. It woulfi be not only an endlefs 
work to relate all the hypothefes hitherto 
pfFered, but alfo an ufelefs one, wh^n they 
have been evidently contradicted by feverai 
experiments, and after they have all givea 
place to the hypothefis of a fingle eledric 
fluid, which generally goes under the name 
of Dr. Franklin's. That although this 
hypothefis explains all the known eledtrical 
appearances, it is however not sl demon- 
ilrable truth, but the mofi: probable fuppo- 
fition, I confefs ; and, in order that a due 
diftinftion might be prefervcd between the 
knowledge of fads, and the fuppofition of 
their immediaik caufe, I have feparated the 
former from the latter, and followed that 

method 
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method which feemed mcfre philofophical 
jihd inftnxdive ; but nov^r to make ftirthcr 
apologies for admitting this hypothcfi$, at 
a time when numbcrlefs experiments fpeak 
cleur in its favour, would be doing an in- 
jury to the philorophical world in general, 
and efpecially tcJ the ingenious philofophers 
that propofed and improved it. I fhal! 
therefore, without further preamblci lay it 
down as it is now commonly and reafonably 
admitted ; ^nd (hall ufe it in the explana^^^ 
tioh of the follbwing experiments. 

AH the phenomena called Elcftrical are 
foppofed to be effctfled by an invifible fab* 
tile fluid exifting in all the bodies of the 
earth. It is fuppofed alfo that this fluid is 
tery dattic, i. t. repuliive of its own parti- 
cles, but attractive of the particles of other 
Hotter. 

When a body does not fliow any ele<5tri- 
kifA ^pearances, i% is then fuppofed to con- 
tain its natural quantity of cleftric flpid (but 
whether that quantity bears any proportion 
¥o t?he quantity of matter in general, or not, 
is uncertain), and therefore that body is 
10 faid 
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faid to be iti its natural or nm-ekBriJiei 
Jian: but if a body (hows any dcdtrical ap-» 
pear&nocS) it i$ thetl faid to be eledtrifitd, 
and it is fuppofed that it has either acquired 
an additional quantity of eleftric fluid, or 
• that it has loft fome of its natural (hare. A 
body having received an additional ^uanthj 
bf eledrlc Buid, is faid to be overcharged, or 
positively ehSirifiecl\ and a body that has lofl: 
part of its natural quantity of eledlric fluids 
is faid t<i be ufidercbar^ed, or negative^ ekc^ 
irified. 

From hence It appears, why the terms 
pqfitive and negative, ox plus and minus Elec- 
tricity came to be ufed ; for the firft fignifies 
a teal plus, or fuperfluity, and the fccohd a 
real minus, or deficiency of the quantity of 
cle<a:ric fluid proper to a body. 

By this hypothefis, which is analogous to 
the other phenomena of nature, the elec- 
trical appearances afe eafily explained, and 
there is not a fingle experiment that feems 
to contradict it. Firft it appears, that when 
an eleftric and a condu<a:ing fubftance are 
rubbed together, the Eledtricity is not then 
produced j but by the adtion of rubbing, one 

body 
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body pumps, as it were, the eleftric fluid 
from the other*: hence, if one becomes 
overcharged with it, or pofitively pledrified, 

♦ By what mechanifm one body extrafts the eleSric 
fluid from the other is not yet known. The celebrated 
Father Beccaria fuppofes that the a6iion of rubbing 
increafeth the capacity of the Elefiric, /• $. renders that 
part of the £le6lric, which is a£tually under the rubber, 
capable of containing agreater quantity of eledlric fluid ; 
hence it receives from the rubber an additional fhare of 
fluid : which is manifefted upon th e furface of the Elec- 
tric, when that furface is come out of the rubber; in- 
which ftate it lofes, or, as it were, contraSs its ca- 
pacity. Father Beccaria's experiment to prove this 
fu{>pofition is the following : — He caufed a glafs plate 
to be rubbed by a rubber applied on one fide of the 
jplate, while it was turning vertically; and holding at 
the fame time a linen thread on the other fide of the 
plate, juftop()ofite' to the rubber, he obferved, that the 
thread was not attraded by that part of the glafs which 
jcorrefponded to the rubber, but by that which y^as op- 
pofite to the furface of the glafs thai; had juft come 
out of the rubber ; which ihows that the fluid, acquir- 
ed by the glafs plate, did not manifeft its power until 
the furface of the, glafs was come out of the rubber. 
But, query, in what manner does the glafs augment 
its capacity of holding the electric fluid by the action 
of the rubber? ^ee Dr. Franklin's Letters, &c. § 34. 
Befidesthis, there are other experiments to be mention- 
ed in the courfe of this work, which clearly (hew that 
the capacity of a body to bold Ele£lricity is increafed 
by the vicinity of certain other bodies. 

8 • the 
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the other muft neceflarily be undercharged^ 
or «eledrified negatively^ except its deficiency- 
be fupplied by ether bodies communicating 
with it. From hence alfo appears the rca-^ 
ion, why, when an Eledtric is rubbed with 
an infulated rubber^ it can acquire but little 
jBledricity ; becaufe in that cafe^ the rubber, 
not communicating with other Condudors, 
can fupply the Ele&ric with only that Imall 
quantity of fluid which belongs to itfelf, or 
which it coUeds from the contiguous air. 

Eledric attraAion is eafily explained ; for 
this does not exift/ except between bodies 
differently eledrified ; which mufl certainly 
attraft each other, on account of the attrac* 
tion exifting between the fuperfluous elec- 
tric fluid of the bodies eledrified pofitively, 
and the undercharged matter of the bodies 
eledrified negatively. 

As to the repulfion exifting between bo- 
dies poflfefred of the fame Ele&ricity i in or- 
der to underftand its explanation thorough- 
ly, the reader muft be reminded of the 
principle mentioned in the preceding part, 
which is, that no Electricity, i.e. the elec- 
tric 
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trie fluid proper to a body, can neithjer be 
augmented nor dimiQi(hed qpon the furface 
of that body, except the faidfurface is con- 
di; tiguoufs to an Eledlric, which can acquire a 

Iji contrary Electricity at a little diftance ; from 

whence it follows, that no Ele&ncity can 
be difplayed upon the facing furfeces of two 
bodies that are fufficiently near one another, 
and both ppfleflcd of the fame Electricity; 
fi)r die air that ftand^ between thoie contigu- 
ous furfaces has ho liberty of acquiring any 
contrary Eledtricity. This being premifed,' 
the explanation of Electric repulfion becomes 
very eafy. Suppofe, for inftance, that two . 
fmail bodies are freely fufpended by infulated 
threads, fo that when they are not ele<3:rified 
they may hang contiguous tp ope another. 
Nx>w fuppoie thofe bodies to be eleftrified 
cither pofitively or negatively, and then they 
muft repel one another ; for either the in- 
creafed, or thediminifhcd natural quantity of 
cledtric fluid in thofe bodies, will endeavour 
to difFufe itfelf equally over every part of the 
furfaces- of thofe bodies ; and this endeavour 
^ wil caufe the faid bodies to recede fro?)i 
each other, fo that a quantit)rof air may ht 
interpofed between their furfaces, fufiieient 

to 



'I 



Digitized by VjOOQ IC 



io tcquire a contrary Blt&ncky at a little 
diftftDC^ from the &ld furfaces.-— Qtherwi&» 
ifthc hodites^ poireiTcd of tl^e &cne Eiedri^ 
city« do aot rjepel each other, (b that a fuSi^ 
duent quantity of air may be Interpofed be- 
tween their furfaces; the increa&d quantity 
of eleiSrric fluid, .when the bqdies ase eiec^ 
trifled pofltively, or the remnant of it, when 
the bodies are eleSxified negatively, hy thp 
aJboye piiaciple, jcjnniOttJjeiiiFufed equally 
throughout, or over the fi^rfaces of thofc 
bodies j for no Elcaricity can appear upon 
the flirfaccs of bodies in contad, or that are 
very near one another. But the elc^^ric 
fluid, by attra<Sing the particles of matter^ 
endeavours to difFufe itfelf equally through- 
out, or over the fyrfaces of thofe bodies^ 
therefore the faid bodies are, by this endea-* 
your, forced to repel one another. 

I think It IS unneceflary to infift further 
upon the above explanation ; Jfor the princi- 
j)le, upon which it depends, feems univerr 
fal and clear, fo that it may be eafily applied 
to explain eleftric repulfion in general, aa 
-well as the repulfion between the above^ 
jmentioocd two bodies. 
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The charging of coated glafs, and other 
Eledirics^ as well as the other phenomena of 
Eledtricity, may alfo be eafily accounted for 
by the above-mentioned hypothefis of Elec^ 
tricity ; but I think it unneceflary to enii- 
inerate and account for all the particulars 
in this place, as we fhall have occafion to 
Ipeak of them in the explanation of the ex- 
periments in the ^hird part. 
— ■ ' ' *• . . - . ^ ■ . , ■- J , ^ 

C H A P. il. 

, Of the Nature of the eleSlric Fluid. 

THE human mind, never fatisfied, after 
the caufe of fome eflfedis has been dif- 
covered, or only gueffed at, attempts to ifi- 
vcftigate fome more intimate quality, and 
even the origin of that fuppofed caufe, 
making further fuppofitions, and framing 
other hypothefes, which, by the courfe of 
things, muft certainly be lefs probable than 
the former. This unlimited endeavour to ac- 
quire knowledge is often too ridiculous to 
l)e purfued, on account of its abftrufenefs 
and uncertainty, eipec»lly when the fteps 
immediately preceding the fubjeA in hand 
have but a fmall degree of probability. It 
la from hence that Philofophers have fre* 

quently 
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i|iic»tly fp^htii great deal of time, and trou- 
ble, in attempting to difcover the properties 
and caufes of what exifted only in their own 
imaginations* Sometimes, however, when 
a fuppofed exiftencc comes fo very near to 
truth, that the moft fceptic Philofopher he- 
fitates not to confefs the probability of it, 
or when he can invent no argument to evince 
the contrary, then it is not only allowable, 
but neceflary fot* the bufinefs of Philofophy, 
to purfue the enquiry further, and, if no* 
thing dfe can be albertained, at leaft to pro* 
pofe fome further conjeAures upon the for- 
mer hypothefis. T4iis now is the cafe in 
the fcience of Electricity ; and after we have 
related the moft plaufible hypothefis as yet 
offered, /. e. that of a fingle elaftic fluid, we 
come in this place to confider the effence of 
this fluid, in order, if poflible, that we might 
attain to, at leaft, fome probable conjedare 
refpe^ing its materials. 

When nothing more than eledtric attrac- 
tion and repulfion had been obferved, Elec* 
tricians fuppofed that thefe were cflfeftcd by 
a kind of undtuous eflluvia proceeding im- 
mediately from the elcdriflcd Tjody; but 

I when 
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,when the light, the burning quality, the 
phofphoreal fmell, &c. was perceived to be 
produced by excited Electrics, then it was 
naturally fuppofed, that the eledlric fluid 
was of the fame nature with fire. This opi- 
nion has prevailed much among feveral Phi- 
lofophers, and it is Jrom hence, that the 
ele(Sbric fluid has been commonly called 
Eleftric Fire. Befides this fuppofed identity 
of the eledric fluid, and the element of fire, 
there have been two other opinions concern- 
ing the eflcnce of this fluid ; it having been 
thought by fome to be the ether of Sir 
Isaac Newton, and by others (whofe 
opinion feems to be the moft probable) to 
be a Auid Jiii generis, i. e. different from all 
other Jcnown fluids. 

In order the more regularly to examine 
thefe conjeftures, it will be neceflTary to pre- 
mife fomething in regard to the nature of 
fire,> at leaf): fo much as is fufflqient for the 
plrefent purpofe. 

The element of fire may be qonfidered in 
regard to its fpring, to the different ftates of 
its exijdence, and to its effe£ls« In regard to 

Its 
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Its origitt It is commonly fpccified under the 
names of Celeftial, Subterraneous, and Cu- 
linary Fire ; underftanding by the firft, that 
i^rhich proceeds from the fun, and, by being 
difperfed throughout the univerfe, gives life 
and motion to almoft every thing that exifts ; 
by the fecond, that which is the caufe of 
volcanbs, hot ipriiigs, &c. and laftly^. under 
the name of Culinary Fire, underftanding 
that which is commonly produced upon the 
earth, by burning feveral fubftances. Thefe 
diftinftions however ire little if at all ulje- 
ful I for, whatever be the origin of fire, its 
efFefts are alv^ays the fame* 

In refped to the different ftates of Its ex- 
iftcncc, the Chymifts know only two ; the "^ 
firfi obvious one, and indeed that, to which 
only is given the name of Fire, is that , ac- 
tual agitation of the particles of that ele- 
ment, which produces the complex idea of 
Jucid, hot, 8cc. that is commonly under- 
ftood under the name Fire i arid the other 
ftate is the real principle of fire exifting as 
a conftituent principle Jrl feveral, and per- 
haps all fubftances ; or, that matter, whofe 
particles, when agitated in a peculiar and 
- - I a - violent 
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violent manner, prodqqe the ,con;i]mon fen-^ 
liWc i^re. 

This, which we m^y call fire in. ap in^ 
ai^ive ftate, is |he Pbhgijion of the Chy- 
nxiftsj apd |s that, which whcjot \mite4 io A 
j^jSicient quantity with other fi^bftances, 
renders them inflamnoable. That this prin- 
ciple does really e:XJifl;, is b9ypQ4 9' doubt; 
wc may tr^tnsfer it frcxm pne body toanothcr^ 
we ra^ay render ^ bqdy inflarpmable, which 
in its own nature is not fo, by f^perlndpcic^g 
on it the phlogifton i a^d we paay reduce % 
body naturally inflan\m2ible, to a fiibftance 
not inflammable, by depriving it^ of its 
phlogifton. 

Now the electric fli^dj^ as far as ^e ca^ 
determbe, bears but a yery iaiaU r^fefli-* 
bUnce to the above-pipentioned tvyp ftatcs of 
fire; for althpugh it e^cifts in different bp^ 
4ic9, fts the phlogiftpn, y^t when we cofl|-» 
pare it$ odx^r atjtributes with thole of Ere^ 
we then immjedi^tely perceive it to be ik)| 
the fap[>je, but a different pr^i^^ipk. la ths 
firft place, if they were both tte faipc thing, 
they fhpuld b^ always t<^ether, ^4 where- 

ever 
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evei: fuch a ^iikiitify of fiW exiles, theti the 
6m6 q\iahtit?j^ of deAric flu^d fliolild b^ 
found : but tMs is cofttraty to ekpert faints j 
fer a pletfe of ihetil or dther fabftdrtei* rtiay 
stcquirc igetstt de^rfcfe of Ikkt Witli^ut ap"- 
pearih^ atf ill de^rifi^d ; at& on' tfife '^'thcV 
liand, may be ftfoAgly efeffriiffed ^ithoui: 
axjquiriflg by it anyfefn'fibllg dftgVfee' 6^ hear, 
6f any dddttltfh t8' its pM6gftft/rt. Se- 
ci^ndly, ^6 pehdti-ites evei^ knbWh fub- 
ffittfc^ .ind att.eifcefe(fihgty ftftali quantity 
<tf it is-ditfiilfed ilike' tliroughdcrt. bOdiW o^ 
evfery kind;- Whefeas thd ek^ric fl^td per- 
vades only dottdudioi*?*. Tfhil'dly, the' 
cledtric ft\Ad gdfe* tHtougli a: virf Idtig 
Condu^or in a fpace of time almoft in- 
ftatttaneouffj but filte is vefy' do w!y propa- 
gated. I might enuttitfritte'^ei-rf dther' 
ittprbprietifes attending this hypothefis of 
th'tf' Ikmeneft of firfe arid the elcdiic fluid, 
l5ur thoife already mentioned are, I thinfcr. 
l68icicnt tb itidMe my readm to fUppofe' 
otherwife. 

* Here inay« be obferved, that b^t pervades mort 
cafily the fubftance of fome good Condtf&ors of £lec« 
fricity ; but the rule however is not gei^eral. 

I 3 Dr. 
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Dr. Pripstley, on obfcrving.that the 
cledric cxplofion, taken in different kinds, 
of air> a<5l:s, in general, like other phlogiftic 
proceifes, fuppofes that the ele<^ric mattf r 
either is,* or. contains, phlogiftoq -f-. |a 
regard to this, I would obfef ve, that there 
is no neeeflity of fuppofiqg the eledtrip 
matter cither to be^ or contain phlogiftoni 
on that account; for thephlggifton, in thi« 
cafe, may, by the force of the eleiftric ex- 
plofion, be extricated, either from the, furr 
face of the Cpndufliprs, betjvcen which thp. 
cxpjofipn is taken, or from pt^rtiples of 
heterogeneous matter floating iii thai! air, 
v^ yjfhich thC: e^plofion is made § . v 

In regard to the fimilarity bet ween, the 
cffedts of fire, and the effecis of the eledlric 
flijid, it will be very obvious tp remark, 
that although fire is in feveral inftances 
produced by the ele<3;ric fluid, yet we fhould 
ijcvpr confound the one with the other, and 

f Obfervations on difFerent Kinds of Air, vol* IL 
fee. XIII. ... 

§ Slee my Treatil^ on Air, &c. p. 433* 

coniider 
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coflifider them both as the fame thing; for 

it iis well known that friftion produces fire, -i 

and it is by no means furprifing that the 

eleftric fluid, by the rapidity of its motion, 

through fubftances, that in fome manner 

obftrud: its pafTage, ftiould generate light, 

heat, rarefaiftion, and the other eflfefts of 

fire*^ 

Mr. Henly, in confequence of feveral 
very interefting experiments, made by hira- 
felf, fuppofed, that, afthough the ele(3:ric 
fluid may be neither phlogifton nor fire, yet 
that it is a modification of that element, 
which, while in a quiefcent ftate, is called 
phlogifton, and when violently agitated is 
called Fire. We conftantly obferve (fays 
he) I. That if two bodies are rijbbecj toge* 
ther, which have an equal quantity of 
phlogifton (which is the cafe with bodies of 
the fame kind, as glafs and glafs, metal and 
metal, &c.) they acquire either very little, 
pr ho Elcftricity at all, II. That as one gf 

♦ Here it is proper to obferve, that the ele£l:ric fluid 
fliows no efFedis of fire, except when it goes through 
fojpfi^ fnedium that obftru6ls its free paiTa^e* 

I 4 $he 
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til? IwJics has a greater qv^atity ,of phlo- 
grJAaa than the olhcr^ fo they acquir? a 
greater qua;j,tity of Elefkri^ity, a$ whea^ 
gla^ is, rul?beA with metal. ML That; a 
certain degree of fridapn produces Ele<ari'^ 
city, and' that a. more violent friift^on produ- 
ces fire, bi;it no Eledlricity, aa rnay beobferv- \ 
cd by rubbing together two pieces of baked 
wood, of glafs, &c. IV* And that in gene- 
r^^ bp^iej^ poffefled of a greater quantity of 
phlogifton, give the ejeftric fluid to, bodipS; 
that* h^yei Icfs of it, t\ e. they acquire the 
negative Eleitiricity^ when r^ibbed widi 
bodies that have a. lefs quantity of phlo- 
^iftoa*. 

♦jMr* He'NLY, in order to try what El^ricity dif- 
fcrefit fiihflances would acquire, infulated them up^on 
flicks of, fealing wax, and rubbed them againft his 
woollen ^oat, or^waiftcoat. In this, manner he tried 
a vaft number of vegetable, animal, mineral, and 
arM^ci^l.fnhftfinces ;. and he difcovered a very r^nark«- 
abJ^^law^ which is, that fuch fubftances, which have 
a great quantity of phlogifton, as vegetable fubftances, 
and particularly the hot, aromatic plants and feeds, 2:c. 
giV€ the eleftric fluid ; that is, they acquire the nega- 
tive Eledricity when rubbed againft woollen cloths ; 
aiid^ that fuch fubftances, which have but little phlogif- 
ton, (as- moft. animal fubftam:es) acfuffe the ekdlric 
fluid from the; faid cloth's, /• e. they arc cleflirified pofi- 
tivcly^ Sec the Phil, Tranf. for the year 1777. 

From 
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From thefe obfervations we gather ^ that 
the eleftrie fluid, and fire, we produced by 
iiCAilar operations, a^d ace bothi extracted 
Uqsa bodies aboundiDg with phlog^onci. 
and hence he concludes, di^fi die phlo^ 
giilDn, tihie diedaric fluid, and fire, are only 
diflferent modifications of the very ianje 
element; the firft being its quiefcent dam 
©f exiftence, the fecond its firfl: a<9Sve, and 
the laft its riiore violent ftate of agitation : 
like fermentation producing firft win^ iS> 
condly vinegar, laftly putrefaftion. 

As to the identity of the Eledlric, and the 
ethereal fluid, it feems to me quite an im- 
probable, or rather a futile and iiifignificant 
hypothefis ; for this ether is not a real, 
exifting, but merely an hypothetical Jluid^ 
fuppofed by diflferent Philofbphers to be 
endued with different properties, and to be 
an element of feveral principles. Some 
fuppofe it to be the element of fire itfelf, 
others make it the caufe of attraftion, others 
again derive animal fpirits from it, &c. ; 
but the truth is, that not only the eflfence, 
or properties, of this fluid, but even the 
reality of its exiftence is abfolutely un- 
fcoown^ 

According 
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. According to Sir Isaac Newton^s 
fappofition, this ether is; an exceedingly 
£3btle and elaftic fluids difperfed through* 
out all the univerfe, and' whofe particles 
j-epel the particles of other matter. But 
qn this fuppofition the eledric fluid is dif- 
ferent from ether 5 for, although the forr 
incr is , fublle, and claflic, like the lattery 
yet (as Dr. Priestley obferves) it is not 
repulfive like the ether, but attractive of s^U 
f)the|r matter. 
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^e HA p. III, 

Qfilf Nature qfEkBrks and ConduSton^ 

TH E remarjf able difference exifting 
between the two clafles of bodies \x% 
regard to Elqdtrjcity, /. e. . ISleftrips and 
Conduftors, naturally induce an Eledlri- 
cwn to inquire what is that principle ia 
bodies, or by what mechanifm fome fub- 
ftanecs become capable of tranfmitting the 
eleiftrip fluid, whilft others. are impervious 
toit? ^ 

In regard to the explanation of thefe two 
remaricablp properties, there have been, as 
might be expc&ed, feveral conje(^ures of- 
fered; but, except one probable hypothefis, 
there is nothing as yet afcertained. . When 
the catalogue of Eledtrics and Conduftors 
was very fhort and imperfedl, it was fup- 
pofed that, the only two conducing princi- 
ples were metals, and water; and that all 
fubitances were nearer, or further from the 
nature ofaperfedtConduftor, in proportion 
pis they contained » greater or lefs quan- 
\ tity 
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tity of the above principles in their coixb- 
pofition. Wood, fir inRkride, was fup- 
pofed to be a ConduAor only on account 
of the water k concained wiYhi» its f^oretM 
accordingly, it was obferved, that the 
greater quantity of moiftore the v^od ccta- 
fained, the- better Coddudor' it proved" to 
fcfe; and' on the contrary, that it z&td more 
Mkie an Elt^ftric, in proportiott a^ it was 
freed ftx)tti its moifture; But witen vtaittt 
itfelf vs^* obferVcd to be a bad CohdxxGtbr, 
and hotaSr, and charcoal to be' good' Gon- 
duCtbrsi/efpiccially the latter, which fbb-i 
ftances, it is well known, contain no watfcr 
nor metal, at lead not in fuch a quantity 
aS is fliffitiehtto change a: hbn-conduaing 
ftibfiance into a Condudor, theft the for- 
get fuppofitiott was kid afide, atnd arlothcf 
was offered by Dr. Pkit^'TrfeYi in His fe- 
cotid* volumre' of Obletvations ott the differ- 
ent Kinds of Ait ♦, Whteh feenSs to be wcH 

fouddfed. t 

in 

The Dbdlor, confideting what the prin* 
ctple is, which Gondudtors poffefs in com* 



* Sec. XIV, 
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mpn$ wi finding lonc of ^^ksk common in* 
grfsdiems to \» the phlogiftoo^ deduces 
from thence^ tlut (fie conducing qualitjr 
u absolutely ^ owing 10 die phlogifton* 
*^ Had tberjc been (%s he) any phlogi^n 
^^ in water, I (hould have concluded, that 
^ there had been no conducing power in 
** nature; but in confequence of (bmc 
^* union of this principle with Ibme bafe. 
^^ In this^ metals and charcx>al exadly 
** agree :*— while they have the phlogifton# 
^* they conduift ; when deprived of it, they' 
" will not condudl/* 

And in a note to this paragraph, he fub« 
joins: - • 

^^ Having iince found, that long agitation 
*^ in the pureft water injures air, fo that 
** a candle will not burn in it afterwards, 
** which is^ prccifely the efFedt of all phlo- 
*^ giftic procefies, I now conclude -that the 
** mabdm, fqggdled in this paragraph, is 
** univeriflUy true/* 

This hypothefis feems very ingenious 

and probaUe; and, till any other more 

8 plaufible 
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plaufible be offered, or experiments contl:^- 
did: it, I think we may fafery make ufe of 
it in purfuing our cle^rical inveftigations, 
and endeavour to reconcile to it the pheno- 
mena already difcovered in Eledricity. 



C H A P. IV. 

Of tie P/ace occupied by the ele£iric Fluidi 

BEFORE we quit the hypothetical 
part of this Treatife, it may be proper 
to fay fomething concerning the refidence 
of the eledtric fluid, either natural to a 
body, 01^ (uperinduced on it. That the 
eleftric fluid, proper to a body when in its 
natural ftate, is equally diffufed throughout 
all its fubftance, I think no one will deny ; 
becaufe that fluid is attradive of the parti- 
cles of all other matter, and the parti* 
cles of other matter are attradive of the 
eledric fluid; and as this attraction is in 
proportion to the quantity of homogeneous 
matter, any quantity of matter will cer- 
tainly attrad a quantity pf eledric fluid 
proportionable to itfelf j therefore, the 
3 eledric 
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fclcSric fluid muft be equally diflfufed 
throughout all the parts of that portion of 
matter. This pro|)ofition, however^ will 
take place only in^fpeaking of Condudors; 
for it is founded upon the fuppofition, that 
the eledtric fluid, proper to a body in its 
natural flate, does freely pervade that fub- 
ftance 5 but whether this is a fad: refpe(3:- 
ing Eledrics, or not, hath not hitherto been 
afcertained. As far as may be judged fronx 
experiments, I (hould fuppofe this rule to 
hold good with Electrics alfo 1 and my 
fuppofition is founded upon the following 
reafoning :— -AH the Eledlrics, when made 
very hot, become Conductors * ; in that 
ftate, thei'efore, the above rule mufl hold 
good, /. e. the eleftric fluid, proper to their 
quantity of matter, muft be equally dif-^ 
fufed throughout their fubftance : and as 
all the EleArics in nature, before they be- 
came fuch (we may fuppofe) were Con- 
duftorsj in that ftate they certainly had 

^ As this propofition has been found true in all the 
«X[>erinients hitherto made, I think it may be con- 
fidered very properly, as a general law in the fcience of 
Eleftricity, 

Iheir 
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tlieir prbj^r (hare of ikiid. 1t^aw as they 
afterwards cool, arid becx)mc Eleftrics, it 
fliould feem that the change of their na- 
ture could not aflFeft the equal difTufion of 
the eledric fluid, which took place whilft 
they were in i conducting ftatc *. In con- 
fequence of this confideration, the differ- 
ence between a Conduftor and a Non- 
conduftor, in regard to their natural quan- 
tity of eleftric fluid, is, that in the former,* 
the fluid may eafily move, whereas in the 
latter, it h confiried in its pore^. But it 
may be aflced, whether a quantity of elec- 
tric matter contains as much eleflric fluid 
as an equal quantity of ccrtnlu^ing matter ; 
a piece of rofin, for infl:ance, when melted, 
does it contain more, lefs, or tlie ikme 
quantity, of dedric fluid as when cold? 
To this queftion I can give no fatisfa^ory 
anfwer ; for, by the experiments hitherto 
made, nothing certain ha6 been deter- 

• The only confideration which fccms to qppofc 
fome difficulty to this hypothefis is the property which 
ftpveral dearie fubftanccs have, of becoming eledrical 
by cQoling or coagulating. Sec the 4^1 chap, of the 
preceding part. » 

mined* 
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^iIlincd.^ Dr. Pr,ji^5Txey, in qrdqr to af- 
certain this .matter, made the following ex- 
periment I. — He made a piece, pf glafs red- 
hot (in which ftate it is a. Condudlor) and 
placing it upon an infulated piece of cop- 
per, left it in that fituation till quite cold 
^L e. till it became an Eledtric) ; but in all 
the time of its copling, no Electricity of any 
kind was perceived, either in the capper or 
glafs ; which would have certainly been the 
cafe, if the piece of glafs had contained 
either more or lefs fluid when in ^n Elec- 
tric, than when in a conducing ftate*^ 
This experiment feems to give a decifive 
anfwer to the above queftion ; but when the 
experiments, mentioned in the firft part, of 
melting an cledlric fubftance into another^ 
and other fadts of a fimilar nature, are duly 
confidered, they feem to make the anfwer 
again di^cult *j*« It muft therefore be con- 

feflcd, 

* Hiftory of Eleflricity, p. 716. — Experiments of 
a fimilar nature are met with in B£CCaRIa'$ Eledtri* 
cifmo Artificiale. 

t The wax-chandlers, in forming their mafs into ^ 
fticks» &c. find it fo ftrongly attractive of duft^ Jcc* 

K that 
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fefled, that this matter remains as yet un- 
fettled; and nothing bat further experi- 
ments, and the difcdvcry of other fads, can 
determine any thing fatisfadtory about it. 

In refpedk to the place otcupied by the 
eledric fluid fuperinduced on a body, it 
has been thoyght, by feveral ingenious per- 
fons, that, when a body is eledrified, all 
the fuperfluous fluid, or all the deficiency 
of it, in cafe the body is eledrified nega- 
tively, rcfides as a kind of attnofphere all 
around the body ; to this atmofphere they 
attribute the phofphoreal fmell, and that 
tickling fenfation produced by an excited^ 
Eledtric ; and they even fuppofe that thefe 
atmofpheres may be made vifible. But to 
tliis aflertion it is anfwered by others, that 
if the Eleftricity Communicated to a body 
did refide round it like an atmofphere, it 
{hould certainly repel the air contiguous to 
that body; but this is not the refult of ex- 

that they arc obliged to ufe great taiition in keepFng 
it at a fufEcient diftance from the charcoal fire, over 
which they >¥ork, left itfhould (as fome times happens) 
«over itfelf with aihes, and thus fpoil the work. 

periments ; 
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periments; for it h^s bcpn jfound thsit the 
elc&vlc atmofphjer?, however denf?, if it 
does at all exift:^ has no effoQ: upon the air 
coatiguops to the ele^rided bpdy» nor has 
the motion of the air, even a violent windi» 
any cffed^ upon the atmofplvere. In regard 
to the above-mentioned fenfatiqns of phof- 
phoreal fmeill^ &c. it is thought that they 
are only occafioned by the ele<5tric fluid 
entering or going out of the fkin in a very 
fubdivided manner. 

From what may be deduced from expe-i 
riments, it appears that, ahhough the elec* 
trie fluid is tranfmitted through the {\xb^ 
fiance of Condudtors, yet no communi- 
cated Eledtricity can be obferved within a 
fufficiently narrow cavity of an eledrified 
body ; befides, if two bodies of the famci 
fizc and figure, but of diflfefent denfities, arc 
eledtrified together^ and afterwards fepa-a 
rated, they will acquire each the fame quan* 
tity of Eledkricity 3 /. ^. the Ele<aricity that 
they acquire will be proportional to their 
furfaces, and not to their refpeftive quan*» 
titles of matter* 

. K * Wo 
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We may laftly conclude, that the Elec- 
tricity communicated to a body, lies not 
diffufed throughout the fubftance of that 
body, but on that furface of it which is 
contiguous to a free Eleftric, /• t. to an 
Electric, th^t is not furrounded by an ho-^ 
mblogous ElciJlricity, 



PART 
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PART in. 

PRACTICAL ELECTRICITY. 



C H A P. I. 

Of the eleSirical Apparatus in generaL 

HITHERTO we have treated of 
Eledlricity only theoretically, hav- 
ing noted what has been found uniformly 
certain relative to this fubjefit, and having 
exhibited a view of the moft probable con- 
jedlures offered in explanation of electri- 
cal appearances ; but Eledtricityy being a 
^ience» that requires a more pradlical ma- 
nagement, than perhaps any other branch 
of natural philofophy, it is nepeffary that 
wc ftiould now treat of it pradtic^Uy, and 
give the b'eft direftions wd are able, both in 
regard to the conftrudlipn of tbfe Ajeceflary 
apparatus, and to the, performance > of the 
experiments, not only requifite in proving 
K 3 the 
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the foregoing Propofitions, but fuch alfb 
2ls are pleafing and entertaining. 

In this part of my work the reader will 
perhaps find more novelty than ho ^x- 
pedis; for, confided ng the number of books 
that have been lalely publiiti^d on thi$ 
fubjedt, one wquld imagine that all the ex- 
periments poffible to be exhibited with 
an elciflrical machine, and its appendages, 
have already been defcribed. Thfe €afe 
however is much the contrary ; for not only 
the old experiments have been diverfified^ 
but a tariety of liew ones have been in- 
vented, ahd even the principal part of the 
apparatus has undergone feveral changes 
and improvements. 

In order the more regularly to proceed^ 
in the defcriptioq of the eledtrical appara^t 
tus, it will not be improper to divide it3 
jparts into three c|aifes 5 ^onfidering in the 
firft, the inftruments neqelTary to produce 
-Eiedricity 1 in the Second, ^hqfe proper to 
accumukte, retain, and employ it; an4 
laftly, thofc neceifary to meafure its qaai^f 
lity, ^nd afcertaio its equality* 

Thtf 
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The priqcipal inftromcnt to produce 
EIe<Stricity» 19 the el«<f]trical Machine, /. ^4 
a machine capable by ^ny means of exciting 
in Elt&tkf fo as to produce eledtricai ap- 
pearances. The conf^ruftion of thofe ma- 
chines, from their firft invention to the pre- 
ient time» has undergone fo many changes, 
and their forms have been fo much varied^ 
that it would be very difficulty and even 
tedious, to defcrrb^ thofe only which are 
moft freqiiently in ufe. Every m^ker, an4 
alfiioft every Ele^ricisg^i conilru&s his own 
machines In a manner different from the 
reft ; anj, as n^w fa€ts or long pra£tic^ 
points out fome imperfedions, the Elec* 
trician is ready to contrive a new method 
to correal: the preceding errors* Indeed 
the rapid advance of the fcience is moftly 
owing to this change, and variety of conr 
ftru£tions; for whether cafual^ or defignedi 
a new conftriidtioa has generally either 
produced fbme discovery of importance, cf 
^Xpofed fome defeat in the apparatus, and 
management of die fame. 

TMt the readerl may be left gt i^ 
K 4 liberty 
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liberty of choofing the form of }iis ma- 
chine, I Ihall in this chapter lay down the 
moft neccflary rules to conftru<ft eledlrical 
inachines in general; and (hall refcrve for 
the next chapter the particular defcription 
of fome machines, that are the moft ufeful, 
and which contain all the improvemcnite 
hitherto made. • •■ 

The principail parts of the machine are 
theEledric, the moving Engine, the Rub* 
ber, and the prime Condudor, /. e. an in- 
fulated Conduftor, which immediately re^ 
ceives the Eledficity from the e^rcited 
Elcftric. 

'- The Eledlric was formerly ufed of dif- 
ferent fubftances, as glafij rofin, jrulphur> 
fealing-wax, &c. ; aad of different form^ 
as cylinders, globes, fpheroids, &c* This 
diverfity then obtained on two accounts ^ 
firft, becaufe it was not afcertained, which 
•fubftance or forni would anfwer b^s an4 
fccondly, on account of:.pfV)ducing /a nega<* 
tive or pofitive Eledlricity, at the pleafure 
of the operator j for before the £Ie<2ricity 

of 



Digitized by VjOOQ IC 



'm Electric ity. 137 

of the infukted rubber was-difcovered, &i}* 
phur, rough glafs, or fealing-wax, was 
generally ufed for the nejg;ativc Elcdlricity, 
At prefent, fmooth glafs only is ufcd; fiar 
when the machine has an infulated rob-^ 
ber, the operator may produce. pofitive or 
negative Eledlricity at his pleafure, with* 
out dianging the Electric. In regard 
•to the form of the glgifs, thofe commonly 
tifed at prefent arc globes, and cylinders. 
The moft convenient fize for a globe, is 
•from nine to twelve inches diameter : they 
'aYe mfade with one neck, which is ce- 
mented * to a ftrong brafs cap, in order to 
adapt them to a proper frame. The cy- 
linders iaire made with two necks ; they are 
^o(£d to the greateil advantage without 
any axis, aod their common fize is from 
four inches diameter and eight inches long, 
to twelve inches diameter and two feet 

♦ The beft cement for eleftrical purpofcs is made 
with two parts of roiin, two of bees-wax, and one of 
the powder of red okre, Thefe ingredients are melted, 
and mixed together in any veflel over the fire ; and 
afterwards kept for ufe. This kind of cement ftick« 
very faft, and is much preferable to roiin alon?, as it is 
not fo brittle, and at the fame time infulates equally 
,well. 

long J 
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long ; ^loogh fimie have been made io LcMhr 
cloo even of twenty «*four inches iadiametcr. 
The glais generally uied is the bed: flint» 
diough it is not yet abfolutely deternuned, 
which kind of metal is the beft for dedri- 
cal globes, or cylinders* The thickneis c£ 
the glais feems inunaterial, but perhaps 
the thinneft is preferable. It has often 
happened, that glais gld^es, and cyUnders, 
in the ad of v«4urling, have huril in inao^ 
merable pieces, with great violence, ai|d 
with ibaic danger to the by^ilanders. 
Thoie acxridents are fuppoied to h^pfKp 
when the globes, or cylinders^ alter bc^^tg 
blown, are faddenly cocked. It will there^ 
fore be neceflary to enjoin the workman to 
let them pais gradually^ from the hc^C ^ 
the glais^houfe^ to the atoioipherical tc»- 
perature* 

It has been long queftioned, whether a 
coating of fome electric fubflance, as rofin, 
turpentine, i^c« on the infide furface of the 
glafs, has any effed to iacreaic its eledr|(:al 
power ; but now it feensis pretty well deter* 
mined, that if it does not increaie the 
power of a good glafs globe or cylinder, at 

9 V^ 
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kift it doe6 Cbnfiderably improve n bad one« 
I have fevcral fim«s put a coatiog of rofiix 
on the infide farface of phials and tabe$j ' 
and have conftantly found, that the worft o£ 
them rciieiycd foo^e improvemeot by it» ^ 

The moft approved compofition for Kiih^ 
irig glaft globes, df cylinder&i is made with, 
four parts of Venice turpentine, one part of 
tcfin, and one part of bees-wax. Thu 
com|X)fition muft be boiled for about tvTQ 
hours over a gentle fire, and tntift be kept 
ftining very often : afterwardis it is ItEt to 
cool, and referved for ufe. When- a g1ob|^ 
or cylinder is to be lined with this nux« 
ture> a filfficient quantify of it is to be 
broken into finall pieci^, and introduced 
into the glafs ; then,' by holding the gla& 
near the fire, the niixture is melted, and 
equally /pread over all its internal furface^ 
to about the thicknefs of a (ixpencep In 
this operation care niuft be taken, that the 
glafs be made hbt gradually, and be con^ 
tinually tumedi fo as to be heated equally ^ 
ift all parts, oth^rwife |t is apt to break in 
the operatipQt 

. In 
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In rcfpcft to the Engine which is to 
give motion to the Elcdric» multiplying 
wheels have been generally ufed ; which, 
properly adapted, might give the Eledric a 
quick motion^ while tbby are cooveniently 
turned by a winch. The ufual method is, 
to fix a wheel on; one fide of the fram'5 of 
the machine, which is turned by a winch, 
'and has a groove round its circumference. 
Upon the brafs cap of the neck of the glaft 
globe, or one of the necks of the cylinder, 
a pulley is -fixed, the diameter of which is 
about the third or fourth part of the diameter 
i^f the wheel ; then a ftring or ftrap is pot 
over the wheel and the pulley, and by thefc 
means, when the winch is turned, the 
globe or cylinder makes three or four 
revolutions, Tor one revolution of the 
wheel. There is ^ inconvenience gene- 
rally attending this conilrudion, which is, 
that the firing is fometioaes ib very flack, 
that the machine cannot wiork. To reme- 
dy this inconvenience, the* wheel fliould be 
made moveable with refped^to the Eledkric, 
ib that by means of a fcrdw^it might be 
fixed at the proper diftancei or clfe the 
5 pulley 
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pulley fliould have feveral groovbs of differ- 
ent radiufes on its circumference^: ^ ^^ 

It has been cuftomafy with fomc, to 
turn the cylinder fimply with a winch^ 
, without any acceljcnfted motion \ but that 
has not been thought fufficient to produce 
the greateft ele&ric power^ the glafs is ca« 
pable of giving ; for the globe or cylinder 
ihould properly make about fix revolutions 
in a fecond; which is more than can be 
conveniently done with the winch only. 
This method, however, has been lately 
adopted by Mr. Nairne, who by a nice , 
conftrudion of tvery part' has produced a 
very powerful electrical machine ; of which 
I ihall give a defcription in the fequeU 

Inftead of the pulley and the ftring, as 
above defcribed, a wheel and pinion, or a 
wheel, and an endlefs fcrew, has been alfo 
ufed. This conftruftipn anfwers perhaps 
as well as any other ; but it muft be con* 
ftruded with great nicety, otherwife, it is 
apt to make a difagreeable rattling, and 
without frequent oiling, foon wears away 
by the great fri^ion of its parts. 

The 
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The next thing belonging to the Elcc-r 
trical machine, ncccflafy to be.defcribed, is 
the rubber, which is to excite the Eleftric, 
The rubber, as it is now made, i$ nothing 
more than a filk cufhion (luffed with hairj 
^id over this cufhion is put a piece of lea- 
ther, on which fome amalgam * h^ been 
rubbed, fo as to fttck as faft as poflible to 
the leather. Sooie time ago it was genitrally 
iiied, and it is now cuftomary alio, to make 
the .rubber of red bafil fkin fluffed with 
hair; but the filk one, as above deferibed 
(which is animprovement of Dr. Nooth) 
is much preferable. If thia filk cuihion, 
on account of adapting it to the i^rface of 
the glafs, is to be fixed upon a nMtal plate, 
then careihould be taken to make the plate 
free.frgm fharp points, edges, or corners, 

♦ The amalgam has hccii found to excite^ fmooth 
glafs moft powerfully. Any metal, diffolvcd in quick- 
filvcr, will perhaps do equally well, but the atnalgain 
that has been generally u(ed, is made with two patti 
of quiclc^filver and one of tin-foil, with a fmall quap- 
tity of powdered chalk, mixed together until it become 
a mafs, like pafte. An amalgam made with one part of 
ainc, and four or five parts of mercury, anfWers fflll 
better, as difcovered by Dr. Ui^qim. MsJmc gM 
may atfo be ufe4« 

and 
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'iod it fliould be as much as poffible coii- 
ceakd, or covered with filk. In (hort, to 
conftrudt the rubber properly, it muft be 
made in fuch a manner, that the fide of it, 
which the furface of the ^afs enters in 
whirling, may be as^ perfeft a Conduftor 
as it can be made, in order to fupply Elec- • 
tricity as quick as poffible; and the oppo* 
fire part (hould be as much a Non-conduc- 
tor as poffible, in order that none of the 
fluid accumulated upon the glafs, may re- 
turn back, to the rubber 5 which has been 
Found by experiment to be the cafe, when 
the rubber is not made in a proper manner. 
For which reafon a pieceof filk is alfo add- 
ed to the extremity of the leather.— Mr. 
NAiitNE's rubber confifts of filk only put 
over the leather cufliion, and very Kttle 
amalgfm is ufed with it. 

The rubber fhould h? fuppofted by jj. 
fpring, by which means it may eafily fuit 
any inequalities that may be ibiind on the 
furface of the glafs 5 arid by a fcrew it may 
be made to prefs harder or fofter, as occa- 
fion m^yrequire. It ihould alfo be infu- 
lated in whatever manner is inoft conye-* 

nient; 
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nient; for whenever infulation is not re-, 
quired, a chain or wire, &c. may be occa- 
fionally hung upon it, and thus it may be 
made to communicate with the earth, or 
with any other body, at plcafure ; whereas, 
when there is not a contrivance for infu- 
lating the rubber, many of the moil curious 
experiments in Ele<ftricity cannot be per- 
formed with the machine. 

We coo^e now to confider the prime 
Conductor, or iirft Condudtor, which is 
nothing more than an infulated conducing 
fubftance furniflied with one or more points 
at one end, in order to colle£t the Eledtri- 
city immediately from the Eledlric. When 
the Condu<aor is of a moderate fize, it is 
vfual to make it of hollow brafs ; but when 
it is very large, then, on account ^f the 
price of the materials, it is made of pafte- 
board, covered with tin-foil, or gilt paper. 
The ConduAor is generally made cylindri- 
cal ; but let the forni be what it will, it 
fliould always be made perfedly free from 
points, or ftiarp edges i and if holes are to 
be made in it, which on many accounts arq 
very convenient, they (hould be well round- 
ed. 
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ed; and made perfedly finooth. Further^ 
that end of the prime Conductor, which i^ 
at the greateft'diftance jfrom the Elecftric, 
ought to be made larger than, the reft, aS 
the ftrongeft exertion o£thecle<aric fluid, in 
efcaping from the CpndiKftor^ is ^Iways at 
that end^ 

It has been conftantly obferved, that the 
larger the prime Condudlor is, the longer, 
and denfer Ipark can be drawn from it ; ?nd 
therreafon of this is, that the quantity of 
Eleftricity, difcharged in a fpark, is nearly 
proportional to the fize of the Condudor j 
on this account the prime Conductor is 
now made much larger^ than what was; 
formerly ufed. Its fize, however, may be 
fo large, that the difSpatio^ of the Elc<3:ri- 
city irom its furface, may he grca,t?r than 
what the Eled:ric can fupply; In which 
cafe fo large a Condudor would be nothing 
more than an unwieldy, and difagreeable in^ 
curobrance. 

Before we quit the elecStrical Machine, 
it fhould be obferved, that, befides the 
above-mentioned parts, it is ncceflary to 

L have 



Digitized by VjOCw IC 



14* A Complete Treatise 

have a ftrong frame to fiipport the Ele<5lriCs 
the rubber, and the wheeL The prime 
Condudor . fliould be fupported by ftands 
with pillars of glafs, or other folid Non-con- 
duftor, and not by filk firings, which ad- 
mit of continual motion. In fhort, the 
machine, the prime Condu<5tor, and any 
other apparatus ad;ually ufed, fhould be 
made to fland as fteady as poflible, other- 
wife many inconveniences will arife. 

Befides the eledtrical Machine, the Elec- 
trician fhould be provided with glafs tubes 
ojf different fizes, a pretty large flick of fcal- 
ing-wax, or a glafs tube covered with foal- 
ing- wax, for the negative Eleftricity. He 
Ihould at leafl not be without a glafs tube 
about three feet long, and one inch and a 
half in diameter. This tube fhould be clof- 
ed at one end, and at the other end fhould 
have fixed a brafs cap with a flop-cock, 
which is ufeful in cafe it fhould be requir- 
ed to cpndenfe or rarefy the air within 
the tube. 

The befl rubber for a tube of fmooth 
glafs is the rough fide of .black oiled lilk, 

cfpecially 
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e^ecially when it has fome amalgam rubbed 
upon it J but the beft rubber for a rough 
glafs tube, a flick of baked wood^ fealing* 
VrzXs or fulphuri is (oft new flannel* 

The inftruments neccflary for the accu^ 
tnulation of Eledricity^ are coated £le£l:ric8s 
among which, glafs coated with Condudfcors 
obtains the principal place ; on account oi^ 
its ftrength it may be formed into any ihape* 
and it will receive a very great charge. The 
form of the glafs is immaterial with refpe£k 
to the charge it will contain ; its thicknefs 
only is to be confidered, for the thinner it is^ 
the higher charge it is capable of receiving j 
but it is at the fame time more fubjed to bd 
broken by the force of eledlric attraftion ; 
for this rcafon, therefore, a thin coated jar 
or plate may be ufed very well by itfelf, and 
it is very convenient for many experiments 5 
but when large batteries are to be conftru6l-i* 
cd, then it is neceffary to ufe glafs a little 
thicker, and care (hould be taken to have 
them perfedly well annealed* If a battery 
is required of no very great power, [ks con-* 
taining about eight or nine iquare feet of 
coated glafs> I (hould vecommend to make 
L 2 ufe 



Digitized by VjOOQ IC 



1^8 A .G0MP15TB TREATIS^lf 

ufb of common pint, oi; hialfr-pint pbial^, 
fuch as apothecaries, ufe., Tl^ey. a^y '^^^^ 
ffly coated with tiATfoil* fli?et-Jeadi or^gHt- 
paper oa the Qmiide> ^d bi;afs-*.fiiling$ oii 
the infide ; they occupy a fmall fpacc, and, 
on account of their thinflefe^ hpjd % very 
good charge. But w,ljteft a large battery; is^ 
required, theii thefe phials caonpt be ufed^ 
for they break vQry.eafily ; and for tjhaft pjir-. 
pofe cylindrical glafs jars, of abppt fifft?qrj 
inches higK, and four or five inches, in. dia- 
meter, are the' mofl convenient. One large, 
jar anfwers better thaa feveral fmall ones, 
becaufe the diilipation of the electric fluid 
over the uncoated part is not fo confidera- 
ble in the former as in the latter cafe^ BujC 
then, if a large jar brea'ks, the lofs is inuph 
mpre coniiderable« 

When glafs platfes or jars, having a fuf*- 
ficiently large opening, are to be coatpd, 
the beft method is to coat them with tin-foil 
pn both fides, which may be fixed upon tlje 
glafs with varnifh, gum-water, bees-wax^ 
&c. i but in cafe the jars have not an aper-* 
ture large enough to admit the tin-foil, and . 
an inflrument to adapt it to the furface of * 

the 
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the gl^Sf thto brafs iilings^ fuch as are fold 
by the pin-i!naker$, may be advantageoully 
ufcd, and they may be ftuck with gum- 
water, bees-wax, &cc. but not with varnifh, 
for this is apt to be fet on fire by the dit* 
dharge, as will appear in the latter part of 
this work. Care muft be taken that the 
coatings do not come very near the mouth 
•of the jar, for that will caufc the jar to 
difcharge itfelf. If the coating is about two 
inches below the top, it will in general do 
very well ; but there are fome kinds of glafs, 
efpecially tinged glafs, that, when coated 
and charged, have the property of difcharg- 
ing themfelVes niore eafily than others, even 
'when the coating is five or fix indies below 
the edge *. There is another fort of glafs, 
like that of which Florence flaiks ate made, 
which, on account of fome unvitrified par- 
ticles in its fubftance, is hot capable of 
holding the leaft charge ; on thefe accounts, 
therefore, whenever a great number of jars 

* When a jaJr difchargcs itfelf, the eleftric fluid runs 
from the infide to the outfide coating over the furface 
of the glafs, where it leaves an indelible mark all along 
its path, which is moftly in a zig-zag form, 

L 3 arc 
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arc to be chofcn for a large battery, it 19 
advifable to^try fome of them firft, fo that 
their quality and power may be afcer- 
tained« 

Eledricians have often endeavoured to 
fin4 fome other Eledlric, which might an* 
fwer better than glafs for this purpofe, at 
leaft be cheaper 5 but, except Father Be c- 
caria's piethod, which may be ufed very 
well, I do not find that any remarkable 
difcovery has been made relating to this 
points 

Father Beccaria took equal quantities 
of very pure colophonium, and powder of 
marble fifted exceedingly fine, and kept 
them in a hot place for a confiderable time^ 
where they became perfedly free from 
moifture 5 he then mixed them, and melted 
the compofition in a proper veflcl over the 
fire, and when melted poured it upon a table^ 
upon which he had previoufly ftuck a piece 
of tin-fpil, reaching within two or three 
inches of the edge of the table ; this done> 
he endeavoured with a hot iron to fpread 
the mixture all over the table as equally a$ 

poflible^ 
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poffiblc, and to the thickncfs of one tenth 
of an inch ; he afterwards coated it with 
^another piece of tin-foil, reaching within 
about two inches of the edge of the mixture; 
in fhort, he coated a plate of this mixture 
like a plate of glafs. This coated plate, 
from what he fays, feems to have had a 
greater power than a . glafs plate of the fame 
dimenfions, even when the weather was not 
very dry : and, if it is not fubjeft to break 
very eafily by a fpontaneous difcharge, I 
think it may be very conveniently ufed ; for 
it doth not very readily attract moffture, and 
confequently may hold a charge of Eledri- 
city better, and longer, than glafs : befides, 
if broken, it may be repaired by a hot iron 5 
but glafs, when broke, can never be re- 
paired. 

When a jar, a battery, of in general a 
coated Eledtric, is to be difcharged, the 
operator (hould be provided with an inftru- 
ment called the difcharging Rod, which 
confifts of a metal rod fometimes ftraight, 
but more commonly bended in the form of 
a C : they are made alfo of two joints, fo as 
to open like a kind of compares. This rod 

L 4 is 
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is furriiflicd with melal knobs at its extre- 
mities, and has a non-conduftiog handle, 
generally of glafs or baked wood,. fattened to 
its naiddle.. When the operator is to ufe 
this inftrument, he holds it by the handle, 
and, touching one of the coated fides of the 
charged Electric with one knob, and ap- 
proaching the other knob to the otlier coat* 
ed fide, pr fome conducting fubftance com- 
icnunicating with it, he completes the com- 
munication between the two iides, and tiif- 
chafges the Elcdlric^ . \ 

The inftruments to meafure the quantity, 
and afcertain the quality of Ele^ricity, are 
<:ommonly called EleSirometers -, and they 
are of four forts, ift. the fingle Threa^i, 2d* 
the Cork, or Pith-balls, 3d. the Quadrant, 
and 4th. the difcharging Eled:rometer *. 
But a particular defcription of the fame will 
be found in the third chapter of this work. 

* Th^ fecond fort of Eledlrofiicter, i. ^ the xrork- 
balls Eleftrometer, was invented by Mr. Canton : 
/the difcharging Elcftrometer was invented by Mr. 
Lane ; and another, on a different principle, by Mr. 
Kinnersley: and the quadrant Ekdlrometer, 
vhicb is of lateft invention, is a contrivance of Mr. 
Henj-y. 

Bcfides 
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Befides the apparatus above defcribed, 
there are fevcrd qther inilruments ufeful for 
Various lexpemnents, but thefe will be de- 
fcribed occafionally. The Eledtrician, how- 
ever, ought to have by him not only a fingle 
coated jar, a fingle difcharglng rod, or 1%. 
{horU only what is neceflary to perform the 
common experiments ; but he fhould pro- 
vide himfelf with feveral plate? of glafs, 
with jars of different fizes, with a variety of 
different inftruments of every kind, and 
even tools for conftrudling them ; in order 
that he may readily make fuch new experi- 
ments, as his curiofity may induce him to 
try, or that may be pubHQied by othfer inge- 
nious perfons, who are pqrfuing their re- 
searches in this branch of philofophy. 



CHAP, 
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C H A ?• 11. - 

The defcription <f fome particular ekSlrical 
Machines. 

IN this chapter I fliall prcfcnt the reader 
with the particular defcription of fome 
dedrical Machines, which, I think, will be 
very acceptablfe after the general account of 
their conftruftion, which has already been 
given* The flrft of thefe is that defcribcd 
by Dr. Priestley, in his Hiftory of 
Eleftricity * ; where a drawing of the fame 
may be feen, and which, on account of its 
extenfive ufe, may be defervedly called a 
^ yniverfal eledtrical Machine. 

The bafis of this machine confifts of two 
oblong boards, which are kept in a fitua- 
tion parallel to one another, about four 
inches afunder, by two fmall pieces of 
board properly adapted to that purpofc* 
Thefe boards, when fet horizontally upon 
a table, and there fixed by faftening the 
lower of them with iron cranks, form the 
fupport of two perpendicular pillars of 

• Part V. Sec. II; 
jl bakc4 
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baked wood, and of the rubber of the ma-^ 
chine. One of the pillars, together with 
the fpring fupporting the rubber, flides ia 
a groove, which reaches almoft the whole 
length of the upper board, and, by means 
of fcrews, may be placed at any required 
diftance from the other pillar, which is fix- 
ed, being let through a mortice in the x\p- 
per board, and ftrongly fattened to the low- 
er. In thefc two pillars are feveral holes 
for the admittance of the fpindles of dif- 
ferent globes, and, as they may be fituated 
at any diftance from one another, they may 
be adapted to •receive not only globes, but 
alfo cylinders, or fpheroids, of different 
fizes. In this machine, fays Dr. Pkie^t* 
LEY, more than one globe or cylinder may 
be ufed at once, by fixing them one above 
the other in the different boles of the pil- 
lars ; and by adapting to each a proper pul- 
ley, they may be whirled all at once, and 
their power united, in order to increafe the 
5;ie<Stricity * j but in this conftruftion I do 

not; 

• When feveral globes arc ufed at once, and their 
power is united, it has been found by experiment, that 
^e £le£tricity does not increafe in proportion to their 

numbern 
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hot think that different rubbers can be con- 
veniently applied to them ill ; Which is a 
capital imperfeftion. \ 

^* The rubber confills of a hoUow piece 
'** of copper, filled With horfe-hair, and 
** covered with a bafilikin. It is fup- 
^* ported by a focket, which receives the 
•* cylindrical axis of a round and flat piece 
** of baked wood, the oppofite part of 
** which is inferted into the focket of a 
** bent fteel fpring. Thefe parts are eafily 
*' fepar^tcd, fo that the rubber, or the piece 
" of wood that ferves to infulate it, may 
*^* be changed at pleafote. The fpHng 
** admits of a two-fold alteration of pofi- 
** tion. It may be either flipped along the 
groove, or moved in the contrary direc- 
tion" (the groove being wider than 
the fcrew which faftens the fpring), ** fo 
^* as to give it every defirablc poGtion with 

number, although it is more than what may be pro- 
duced by a finglc globe* However, as the Yriftion, and 
the difficulty of working the machine, increafesin pro- 
portion to the number of globes or cylinders, fo I think 
that one jgood large cylinder is preferable to many of 
tbem« 
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'* refp^a to the globe or cylinder j and it 
*^ is, bcfides, furnilhed with a fcrew,- 
^* which makes it prefs harder or lighter, 
</ as the operator cl^pofes." 

The wheel of this machine is fixed to the 
table; it has feveral grooves, for admitting^ 
more firings than one, in cafe that two or 
^re^ globes or cylinders arc ufed at a 
time; and as it is difenga^ed from the 
frame of the machine, the latter niay be 
fcrewed at different diftances from the for- 
mer, and thus fuited to the variable length 
of the firing. 

The prime Condq/flor is of hollow cop- 
per, made in ihe fhape of a pear, fitu^ted 
with its neck upwards, and wi^h its bot* 
torn or rounder part upon, a fland of baked 
wood; and an arc^hed wire proceeds from 
its neck, having an open ring at its end, in 
which fome fn^ll pointed wires are hung, 
that by playing lightly upon the Eledric 
colledi: the dedric fluid frqm it. This 
form of prime condudor is, however, very 
improper.' 

This 
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This machine^ notwithftanding that it 
has feveral imperfedions, is yet a very good 
contrivance; but^ excepf different globes, 
or cylinders^ or feveral of thofe at once^ are 
required to be ufed^ I think a great deal of 
the work may be fpared, and the machine 
might be made more fimple and concife. 

Next to Dr. Priestley's machine, I 
fhall defcribe another, which, for its fim- 
plicity, and concifenefs, makes a fine con«» 
traft with the former. 

This machine confifls of a circular glafs 
plate, about one foot diameter, which is 
turned vertically by a winch fixed to the 
iron axis that pafTes through its middle; 
and it is rubbed by four cufhions, each 
about two inches long, fituated at the op** 
pofite ends of the vertical diameter. 

The frame confifts of a bottom board, 
about a foot fquare, or a foot long and fix 
inches broad, which, when the machine is 
to be ufed, may be faftened by an iroa 
crank to the table. Upon this board two 
other flender and fmaller ones are ralfed, 

which 
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^hich lie parallel to one another, and are 
fattened together at their top by a fmall 
piece of wood. Thefe upright boards fup- 
port in their middle the axils of the plate, 
and to them the rubbers are fattened. 

The Conduftor is of hollow brafs, and 
from its extremeties branches are extended, 
which coming very near the extremity of 
the glafs, coiled the Electricity from it. 

The power of this machine is perhaps 
more than a perfon would judge by look- 
ing at it. It may be objected, that this 
conttru£tion will not ealily admit of the 
rubbers being infulated, nor confequently 
be adapted to a great variety of experi- 
ments ; but at the fame time it mutt be 
allowed, that it is very portable, that it is 
not very liable to be out of order, and that 
it has a power fufficiently ftrong for feve- 
ral purpofes; on which account it may be 
conveniently ufed. Thefe machines have 
often been made with two paralld gla(s 
plates, and thofe of a confiderable diame- 
ter ; which plates, turning upon the fame 

axis; 



Digitized by VjOOQ IC 



i6o A Complete Treatise 

axis, are rubbed by eight rubbers,-^Tbp . 
iparks obtained from the con^udors of 
thofe machines are ftrong, though not very 
long ; yet an eleftrical battery may be 
charged by pne of thofe machines very 
quick, fincc they accumulate an aftonifliing 
quantity of eleftric fluid. Their principal 
imperfedlions are— the great number of 
rubbers that the operator muft keep ia 
proper order— the friftion arifing from them> 
which renders the turning of the machine 
rather hard— and laftly, the plates, being 
fubjed to crack very eafily. 

The machine reprefented in fig, r. of 
plate I. has all the principal improvements 
hitherto made, except that it is not capable 
of admitting different kinds, or more tbao 
one Eledlric, but which, indeed, it feem? 
not to ftand in need of. The eleilric power 
of fuch a machine, is at leaft equal to what 
may be obtained by any other conftrudtioni 
and at the fame time its fize, being neither 
remarkably hxg^^ nor at all inconvenient, 
renders it, I think, the completeji machine 
hitherto contrived, and may be madp of 
any fize. 

The 
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The .frame of this machine confifts of 
the bottom board ABC, which, when the 
machine is to be ufed, is faftened to the 
table by two iron cranks, one of which 
appears. in the figure near C. Upon ; the 
bottom toard are perpendicularly^ faifed 
two ftfong wooden pillars KL, and AH, 
which fupport the cylinder, and the wheel. 
From one of the brafs caps of the cylinder 
FF, an axle of fteel proceeds, which paf- 
fes quite through a hole in the pillar KL, 
^nd has on this fide of the pillar a pulley 1, 
fixed upon its fquare extremity. tJpon 
the circumference of this pulley there arfc 
three or four grooves, in order to fuit the 
variable length o£ the ' ftring a i, which 
goes round one of them, and rouhd\the 
groove of the wheel D. The other cap olf 
the cylinder has a fmall cavity, which fits 
the conical extremity of a ftrbng fcrev/, 
that proceeds from the pillar H. The 
wheel D, which- is moved by the hahdle 
E, turns round a ftrong axle, proceeding 
from almoft the middle of the pillar KL. 

The rubber G of this machine is on each 

end two or three inches fliorter than the 

M cylinder 
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cylinder (/. e. the cylinder exclufivc of the 
n^cks), and it is made to rub abotit one 
tenth part of the cylinder's circumfereilCc, 
Of rather lefs ; it confifts of a thin quilted 
cufliion of filk^ ftufFed with hiair, and 
faftened by filk firings upon a piece of wood, 
which is properly adapted to the furface of 
the cylinder. And to the lower extremity 
ef the cufhion, or rather of xhfi piece gf 
wood to which the cufliion is tied, a piece 
of leather is faftened, which is turned qver 
the €u(hion, /. e. ftands between it and 
the furface of the cylinder, and to the eictre- 
jpOtXij of which a pfcce of filk or oiled filk 
is faftened, which covers almoft ajl thp up- 
per part of the cylinder* Upon this leather, 
which reaches from thq lower to almbft the 
upper extremity of the .cuihibo, fomfiof the 
^bove-defcribed ama)gani is to Be. worked, 
io as to be forced as much as poflibte into 
its fubftance : if mofaic .gold is \o be tried, 
then the leather (hould be*qew, and where- 
on no other amalgam has been putr. This 
rubber is fupported by two fprings, fcrewcd 
to its back, and from whiqh it may be ea- 
fily unfcrewed, when occafign requires it* 
The two fprings proceed from the wooden 

cap 
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cap of a'ftrong glafs pillar*, perpendicular 
to the bottom board of the machine; , This 
pillar has a fquare wooden bafis, that flides 
in v^o grooves in the bottom board ABC^^ 
upon Which it is faflened by a fcrew. la* 
this manner the gkfs pillar vapf be faftened* 
at any required diilance, and in con&quence 
the rubber may be made to prefs harder or: 
lighter upon the cylinder. The rubber in 
this manner is perfcdly infulated; arid, 
when infulation is not required^ a chain' 
with a fmall hook may be hanged to it, ib 
as to have a regular communication with 
the piece of leather; the chain then falling 
upon the table, renders the rubber unin- 
fulated. 

Fig. 2. reprefents the prime Conductor 
AB belonging to this machine. This is 

* This glafs pillar, as well as the glafa feet of infu* 
lating ftools in general, fhould be covered with varnifh, 
or rather with fealing-wax, otherwife they infulate very 
imperfedly, on account of the moifture that they at- 
traft from the air, efpecially in damp weather. It muft 
be obferved, that fealing-wax diflblved in fpirits of wine, 
mpy be ufed very well for this purpofe ; but to cover a 
piece of glafs with fealing-wax, by rubbing a ftick of 
it upon the furface of the glafs when hot, anfwers far 
better. 

Ma of 
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of hollow brafs, and is fupported by two-^ 
glafs pillars varniOied^ that by two brafs 
fockets are fixed in the board* CC. This 
ConduiSor receives the eledric fluid 
through the points of the collecftor L,' 
whiph are fet at about half an inch dif- : 
tance from the furfacc of the cylinder of 
the machine. 

If the handle E, fig. r, of the wheel, be. 
turned (and on account of the rubber it 
ihould be turned always in the dire^ion of 
the letters a b c) this machine, ftanding in 
the fituation that is reprefented in the. 
figure, will give pofitive Eledricity, u e^ 
the prime Conductor will be eledtrififidpo- 
filively, or overcharged with cledlric fluid ; 
for by the adion of rubbing, the cylinjijer 
pumps, as it were, the fluid from the mh^ 
ber, and every other body properly con-, 
nedted with it, and gives^ it to the prime 
Condudor. But if a negative Eledricity 
is required, then the chain mufl; be removed 
from jhe rubber and hung to the prime 
Conduftor ; for in this cafe the Electricity^ 
of the prime Conductor will be communis 
cated to the ground, and the rubber re- 

ipaining 
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maining infulated, will appear ftrongly ne- 
gative. Another ConduAor, equal to the 
Condudor AB, fig. 2, may be conneded 
with the infulated rubber, and then the 
operator may obtain as ftrong negative. 
Eledricity from this, as he. can pofitivc 
from the Condudlor AB. 

I ihall, laftly, give a fhort defcription of 
the machine lately contrived by Mr. E.^ 
Nairne, F. -R, S. which is principally 
adapted for medical Electricity, and for that 
purpofe it anfwers exceedingly well, as with 
it any degree of ele<9:ric power may be ufed 
with the utmoft facility. Fig, 8 of plate IL 
reprefents this machine, the principal 
parts of which are the glafs Cylinder and the 
two Condudlors, all lying parallel. The 
Cylinder, which is generally about 7 inches 
in diameter, is furnifhed with wgoden caps, 
and turns in two wooden pieces, which arc 
cemented on the tops of two ftrong glafs 
pillars BB. Thefe pillars are madefaft into 
the bottom board of the machine, which is 
fattened to the table by means of a crank. 
On the under part of the bottom board 
grooves are formed, through which thfc 
M 3 piepes 



Digitized by VjOOQ IC 



1.66 A CoMrtETE Tjieatise 

pieces. FF Aide. Thefe pieces fupport the 

Condudlorsupon the ftrong glafe pillarsDDi 

and in order to let the Conduftors be plapcd 

farther or nearer to the glafs cylinder, the 

pieces FF may be moved in or out, and may 

be ftcadied, by means of the fcrew nuts LL, 

The rubber is faftencd to the Conduftor R, 

and it confifts of a fluffed leather cufliion, 

to the under part of which a piece of filk is 

glued, which being turned over the furface 

of thecuftiion, m. between it ^nd the glafs, 

goes over the Cylinder, and almoft reaches 

the pointed wires which are fixed on the 

other Condu(flor for the purpoie of colled:'* 

ing the ele^ric fluid from the Cylinder, 

The Condil(3:ors are of tin covered with 
black lacquer, and each contains a coated 
glafs jar, and likewift a fmall coated tube 
or fmall jar, which are i^tvi when the caps 
l^N are removed. A knob O is fixed tp 
<5ach Conductor, to which a chain may be 
clccafiopally fufpended, in order to have a 
pofitive or negative Eledricity by commu-» 
jiicating one pf the Cpndu^^or? with the 
farthf 

2 The 
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The longcft part of the winch C, bjit 
which the Cylinder is turned, is pf glafs. 

Thus it appears that every part of thi^ 
machine is infulated, viz. not only the Con*' 
dudtors with the rubber, but eveji the glafs 
Cylinder and its caps; by which means the 
ele(ftric fluid that is accumulated on the 
Cylinder is leaft likely to be diffipated ^ 
which, joined to the excellent workmanihip 
and execution of eyery part,, renders this 
machine very powerful; and I muft confefs, 
that I never few aa eledlrical machine, upoa 
any other principle, have fo much power 
as one of this conftrudiion, and of equal di^ 
nv^nfians. 

To this machine Mr. Nairne has adapt- 
ed fome. flexible conducing joinCs, a dif- 
charging eledtrometer, and feveral other in- 
ftruments neceflary to anfwer every purpofe 
of medical Eleftricity ; efpecially the very 
ftnall (hocks may be adminiftered, by means 
.of the jars inferted^into the Conduftors,. 
with great facility, and almoft to an imper- 
ceptible degrect For farther particulars 
M4 refpcdting 
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refpcding the conftrud^ion and ufe of this 
excellent machine^ and its apparatus^ I muft 
refer the reader to Mr. Nairn e's own 
defcriptiph^ 



CHAP. III. 

I'he particular Defcription offome other ne^ 
cejfary Parts of the ekSirical Apparatus. 

FIG. 4 repfefents a ftand fuppopting 
the elearometers DD CC. B is 
. the bafis of it, made of common wood. A 
is a pillar of wax, glafs, or baked wood. 
To the top of the pillar, if it be of wax or 
glafs, a circular piece of wood is fixed ; but 
if the pillar be of baked wood, that may 
conftitute the whole. From this circular 
piece of wood proceed four arms of glafs, 
or baked wood, fufpendlng at their ends 
four elecStrometers, two of which, DD, are 
filk threads about eight inches long, fuf- 
pending each a fmall downy feather at its 
9 - end. 
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end. The other two eleftrometers, CCr 
are thofc with very fmall balls of cork, or 
of the pith of elder; and they are coa-» 
ftrudted in the following mariner :— /a: ^ is a 
ftick of glafs about fix inches long, cover- 
ed with fealing-wax, and (haped at top ia 
a ring : from the lower extremity of this 
ftick of glafs proceed two fine linen threads* 
c c, about five inches long, each fufpending 
a cork, or pith-ball J, about one-eighth of 
an inch in diameter. When this ele&ro* 
meter is not electrified, the threads c c hang 
parallel to each other, and the cork-balls 
are in contact 5 but when electrified, they 
repel one another, as reprefcnted in the 
figure. The glafs ftick a b fcrves for an 
infulating handle, by which the eleCtro** 
meter may be fupported, when it is ufed 
without the ftand AB. 

Another fpccies of the above eleftromc- 
ter is rcprefented in fig. 3 j which confifts 
of a linen thread, having at each end a 
fmall cork-ball. This eledtrometer is fuf*» 
pended by the middle of the thread on any 

^ Thefe threads fbould be wetted in a weak folution 
of fait. 

Conductor 
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Condudor proper for the purpofe^ and 
{krv££ to (hew the kind and quantity of its 
Efcaricity, 

Fig. 7 reprefents Mr. Henly's qua- 
drant eledtrometer, fixed upon a fmall ftand, 
from which it may be occafionally feparat* 
cd> and fixed upon the prime Conduftor, or 
in any other place, at pleafure. This elec- 
trometer confifts of i perpendicular ftem, 
formed at the top like a ball, and furnifhed 
at its lower end with a brafs ferrule, by 
which it may be fixed in one of the holes of 
tfie prime ConduSor, or in its proper ftand^ 
as occafion requires. To the upper part 
of the ftem, or pillar^ a graduated ivory 
femicircle is fixed, about the middle of 
which is a brafs arm, which contains a pia, 
or the finall axis of the index. The index 
confifts of a very llender ftick, which 
reaches from the center of the graduated 
femicircle to the brafs ferrule, and at its 
lower extremity is fattened a fmall corfc^ 
ball, nicely turned in a lathe. Fr. BtccA- 
KIA reccomniends to inclofe the upper part 
of the index of this eledrometer between 
two femicircles. 

Tho 
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The propereft ^ood, for the purpofe of 
milking the pillar and index x>f tbi^ eledro-*- 
meter> is box^ and this pillar and index 
ibould be well rounded, and made as 
fmooth as poifible. When this eledro- 
pieter is not eleiftrified^ the index bangs 
pjurallel to the pillar, as in fig. 7 ; but when 
it is eleftrified, the index recedes more or 
left, accopdirig to the quantity of Eledricity, 
from the ftem ; as reprefented on the prime 
Coaduiftor E, fig. z. 

The main of Mr. Lane's difcbarging 
Eleftrometer, confiils in a brafs ball abmiC 
one inch and a half in diameter, fcrewed to 
a brafs graduated rod, and adapted to a pro- 
per frame, fo that it may be fet at any re-* 
quired diftance from the prime Conduiftor, 
or thjB knob of an eleftric jar. The prinp- 
cipal ufe of this eledtrpmeti^r is to let a jar 
difcharge by itfelf through any proper cir*- 
cuit, without ufing any difcharging rod, or 
removing any part of the apparatus ; and tp 
give fhocks nearly of the fame ftrei^gdu 
Suppofe, for infiance, that |he above-men-p 
tioned brafs ball be fet at half an inch di£r 
tance frpm the prime Conductor, and th^t 9 

f^Qs^ted 
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coated jar be fituiited fo as to touch the 
prime Condud:or with its kntlb^ and to have 
its outfide coating communicating with the 
above-mentioned brafs ball. Now it is evi- 
dent that the circuit, from the outfide to the 
infide of the jar, is interrupted only between 
the prime Condudor and the brafs ball, 
which lie half an inch afunder ; therefore, 
when the jar is charging, and the charge is 
bepome fo high as to ftrike through half an 
inch of air, the jar will difcharge itfelf, and^ 
by keeping the brafs ball at the fame diftance 
from the prime Conductor, and charging 
the jar fuccejffively, the lliocks will be of the 
^fame flrength. 

This cleftrometer is fubjed to an incon^ 
venience ; which is, that the furface of the 
brafs ball is fometimes deprived of it$ 
fmoothnefs by the force of theexplofion; ia 
which cafe it is neceffary to polifh it again, 
otherwife the inftrument is ufelefs ; though 
this neverhappenswhcnfmallfhocks are ufed» 
An cleftrometer of this kind, though notex^ 
adly like the original one, is now commonly 
ufedx by the practitioners of medical ele<3;ri- 
city, and is delineated in fig. 6, of Plate II. 

It 
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It confifts of a glafs arm D, which proceeds 
from the wire of the jar F, and to the extre- 
mity £ of which a fpring focketfis cemented^ 
through which a wire paffes, which ia fur- 
niflied with a knob B, towards the knob A 
of the jar, aod with an open ring C at its 
other extremity. Now, as this wire may be . 
lUded backwards and forwards, the knob B 
may be put at any required diftaoce from 
the knob A, as far as the conftrudtion of the 
inftrument will allow. The wire BC is 
generally marked with divifions, which 
ihew the diftance of the two knobs, when 
the wire- is fo fituated, as that the required 
divifion coincides with the edge of the fpring 
focket ; as, forinftaqcc, one tenth, or [one 
quarter of an inch, &c. When the jar F 
is fet againft the prime Conductor G, as re- 
prefented in the figure, fuppofe that t;he ball 
Bis fet at the diftance of x-yof an inch from^ 
the ball .A, and that a wire be fixed from, 
the eledlrometer's ring . to the outfide coat- 
ing of the jar, as (hewn by the dptted line 
CK; then, when the machine i^ put in 
motion, the difcharge of the jar, as foon as 
this becomes fuffici<;ntly charged, will be^ 
made between the knobs A B, and through 

the 
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the wire CK ; and it is evident that theifi 
difchargcjs- will be of the fame ftrength, as 
l6ng as the diffance between AB remains- 
the fame. 

Fig. 5 of Plate I. reprefents Mr. HPetn- 
t y's univerfaV difcharger,, which is of a' veiy 
cxtenfive ufe, and is compofed of thefollbw- 
ing parts :— A is a flat board fifteen inches 
long, four inches broad, and one thick, or 
thereabouts, which forms the bafis of the 
inftrument. BB are two.glafs pillars, ce- 
mented in tw5 holes upon the board A*, and 
furnifhed at their top with brafe caps, each 
df which has a turning joint, alid fupports 
a fpting tube, through which the Wire E)C 
Hides: each of thcfe caps is cdmpofed* of 
three pieces of brafs, conneded foj that the 
wire DC, befides its Aiding through the 
fockef, has two other motions, viz. an he* 
rizontal and a vertical' one. Each of thdS 
wires DC, DC, is furniftied with an opeti 
ring at one end, and at the other end has a 
ferafsball D, which, by a fhort fpring fock- 
ct, is flipt upoo its pointed extrfemity, and 
may be removed from it at pleafure. E is 
a ftrong circular piece erf wood^r five inches 

in 
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iadiam^er, having^ on it^ furface^ a flip of 
ivory inlaid, and fprnifh^d with a flrong 
cylindrical foot, which fits the cavity of the 
fbcket F, which is fallened ia the middle of 
the bottom board, and hasa&rew G, which. 
fervcB to faften the foot of the circular board 
E at any required height. H is a fmall 
pre& belonging to this inftrument ; it con* 
fifts of two obloag pieces of board, which 
may be prefled againft each other by means 
of two fcre:ws aa: the lower of thefe boards 
has a cylindrical foot equal to the foot of 
the circular board E., When, this preis 1$, 
to be ufed, it is fixed into the focket F, in. 
the place of the circular board E, which, 
Qiuft, ia that cafe, be removed. 

Fig* . 1 1 is an ele<aric jar, coated witht 
tin-foiL oa the infide aod outfide, withiar 
tiiree inches of the top of the cylindiicaL 
part of the glaf$j having a wire with a 
cound brafs knob A at its extremity. This. 
wire paffcs through the cork * D, that 
ftops the mouth of the jar, and, at its lower 

♦ When, corks are ufed to ftop eleflric jars, they 
Ihould be made very dry, and dipped in melted bet»-^ 
wax, or varniihed. 

end, 
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endy is bended fb as to touch the infide 
coating in feveral places. 

Fig. I a reprefents a battery compofed 
of fixteen jars, coated in the infide and out* 
fide with tin-foil, which all together con?* 
tain about twelve feet of coati^d glafs*- 
About the middle of each of thefe jars is a 
cork that fuftains a wire, which at the top 
is fattened round, or foldered to the wire E, 
knobbed at each end, which connects thfi> 
infide coatings of four jars ; and by the 
wires FFF the infide coatings of all the 
fixteen jars are connected together. Each 
of the wires F has a ring at one end, 
through which one of the wires E p^cs^ 
and at the other eod has a brafs knob. If 
the whole force of the battery is not requi- 
red,- one, two, or three rows of jars may be 
ufcd at pleafure ; for as each of the wires 
FFF is moveable round the wire E, which 
pafles through its ring, and refts upon the 
next wire E, it may be eafily removed frocn 
that, and turned updn the contrary wire E; 
^od thus the . cpmmunication between, one 
row of jars and another may be difcentinued 
at pleafure. See the figure. 

2 The 
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. The iquare box that cootains diefe jars 
ii^f wood lined at the bottpm with iheet-i- 
4i^d or tin*foil> and has two handles on two 
oppofite fides, by which it may be eafily 
rremoved. In one. fide of the box is a hole, 
ihrough; which an, Jron hook B paffes, 
whi<;h pommtinicates with the . metallic 
li«ipg;of];the box, and conieqiiently with 
;the oHt0de coating of.all the jwls^. To thte 
hodkjis.fafteded a wire, the other end of 
whic^ is connected with the difcharging- 
rod* 

The ;difcharging«ierod tonfifts of a glafs' 
handle A, and two curved wires BB, which 
move by a joint C, fixed to the brafs cap of 
the glais handle A^ The wires BB are 
pointed^ and the points enter the knobs 
DD, to which they are fcrtwed, and may 
bd unfci^wed from them at pleafure. By 
this conftrudion we have the opportunity 
of ufing the b^lls or the points, as odcafibn 
requires; and as the wires are moveable \fif 
Ac joint C, they may be adapted to fmillcr 
or largei: jars at pleafiir^. ^ ' 

N Tbc 
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T&e batterf, Ttptt(tnWi ifi tfte pfotd, w 
c fiaftll one ni compafifoA fo titbit fnowfrt" 
qoently tifed, and tAtach tod WeSJt Ibi* riMe^ 
porpofeof ftxme e^cperlments, herMftfr fo> 
b6 deibribedw But I thottght it fMleiCBt 
to give an idea of its eoilftntodioA / llffl«. 
nvhen a large battery i» to be eoAft#(»!tM>» 
I would recommend richer to vMkt two,. 
three, or mote fmall ones, at feprdi^fited ilk 
the plate, than a fingle largfe battery^ Whldi 
i» heavy, and, on ieveral accouftts* iliMfr- 
venient. The force of ieyeral (mall but-. 
teries may be eafily united by a wire or at 
chaiiik and fhtts th^y may be auHcio a^ 
.like a large oAev 

. F ilk %4 «. h H circular brafi plate htNig 
on the prime ConduAor by a chain, and 
. ff^Ag in an horizoBtal - pofiti6n. UA^it- 
aeath ^s, tibere is another pfote P parallel,, 
and«iual to the former (-but k.woald be 
,Wter if it waa a Httlt larger), wUldi it ifisp> 
ported by 9t ftand H of. bi«fs> havii^ iUfo tt 
£o^k^ to receite the foot <qf'th^plate, «bi 
a fcrew G to fix it at diffitfeatjiiftanccs^ • 

-.- . Din 
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D in fig« B. i$ a iy made of ftnall hn& 
wirei, fixed io a capcf braft alio i winch is 
to be pat 4ipO!i the pointed wire K, that is 
fcrewed to the prime amdo^r^' aipon 
whkb it muft ihtid in equilibrio^ like the 
aeedle of a 6aaipafs« The other ends j, b^ 
r^ i/of the «dres ate pdoted, aod bent all 
Me way. 

N. B. Whenever hereafter I mention the 
prime Conduftor^ I mcsm the prime Con* 
dodor naked, that is, without the parallel 
brafs plates F P, without the fly D and its 
fupportiqg pin K» without the eledtrome* 
ters Ef and even vi^ithout the knobbed rod 
IB, which is fcrewed to it occafionally ; 
except the contrary is expreiled. 

It is highly requifite for an Eledrician 
to have by him feveral infulating (lools, or 
i^ands, they being very neceflary for feveral 
experiments. « The heft materials to con-* 
ftruA thefe are glafs covered with fealing- 
wax. Baked wood may alio be ,ufed ^. A 

large 

e The wood ihould be baked very well, even till it 
becomes quite brown, it then being in the beftilate for 

N 2 infulation^ 
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large OxxA, jproper to in&late a chair upon^ 
or two or three perfiim ftanding, may be 
niaddrwithaftrong: boards about two feet 
and a half iquare^ and may be fupported by 
fonr .&et of glaf$> about eight inches ;loiig^ 
fiut.fniaU ilands are better made ^ith om 
foot t>rr|)3]ar^ and all of bak/ed wood' of glaf?* 
without any conducing fubftance. in their 
conftruftion. Wine-glaffes, cither varnifh- 
edi ;Or*in part covered: with fealipgrwax, 
anfwer this:purpQfe very well. . 

iQ(u]ation j andj^o defend ic from moifiure, it muft bf 
varnifhed as foon as it comes out of the oven, or elCe 
boiled in linfeed'Oil ; but in this cafe, afterboiling, it 
Ibould be made hot again, and then it is & f«ruft^ * 



.. i: 
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CHAP. IV. 

PraSiical Rules concerning the life of, the elec* 
trical Apparatus^ and the performing of 
Experiments^ 



IT often happens that young Eledtricians 
are at a lo^ to aflign the reafon^ why 
ibme experiments do not fucceed with theni^ 
as defcribed in the Treatifes on Eleftricity. 
•Sometimes tbcy are in poffefEon, of very 
.good inftruments, but, by reafon of fome 
circomftance or other unattended to» they 
^re quite ufelefs in their hands. This in- 
ideed can be remedied by nothing but prac*- 
rtice, and it is by long ufe, that the Elec- 
trician^ as well as the Practitioner ki any 
art or fcience, becomes ib good an Opera* 
tor, as to ufe his inftruments to the beft 
advantage. A few rules are however very 
necefTary, to guide him in his operations ^ 
and although thefe alone are infufficient to 
make a pcrfon a complete practical Eledri* 
cian, yet, when accompanied with the ac- 
tual management of the apparatus^ they fa* 
N 3 cilitatB 
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cilitate the ufe of it, and render the per- 
formance of the experiments more accurate 
and expeditious. 

The firft thing that the young Elcari- 
cian Should obferve, is, the prcferyation, 
and care, of his inftruments.' The ele<9trU 
cal machine, the coated jars, and in (hort 
tvary part of the eledrical apparatus, Ihould 
b^ kept clean, and as free as pof&ble from 
duft, and moiflure« 

When the weather ia clear, and the air 
dry, efpecially in clear and frofty weather, 
the eleftrical > machine will always work 
well. But when the weather is very hot, 
the ^le^rieal machine is not Co powerful t 
nor in damp weather, except it be brought 
into a warm room ; and the cylinder, the 
Aands, the jars, &c. be made thoroughly 
dry. 

Before the machine be ufed, the cylinder 
fliould be firft wiped very clean with a foft 
linen doth, that is dry, clean, and warm ; 
and afterwards with a clean hot flannel^ or 
an old fUk handkerchief; this done, if the 

winch 
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wlncln be turned, when the prime Con- 
4i|<Sor, ^nd other inftrumcnts, arc removed 
fr^m the eled:rical machi(|e, .and the knuc- 
kle b?'Md:at 4 little diftancc frpm Xh^ fur- 
fjaqe of the cyUnderi it will be foqn per- 
ceived t^iat the eledtric fluid con^s like a 
wind from the cylinder to the l|;ni)ckle, and» 
if the motipfi be a little continued, iparksj^ 
and crackling will fbon follow. This ith^ 
<dicate6 that the machine is in j;ood order^ 
'^od the Elei^rician may proceed to perform 
lii9 experiments^ $ut if, when «ke vrindk 
«€ turnpd for fome time, na wiqd is felt 
vpon the knuckle; then the fault |$i, very 
likely, in ^he rubber 1 and to remedy that;, 
tufe the following dirQi9:ion$ :«~6y unfcrew-** 
ing the fcrewfi on the back of the rubber^ 
i-emove it from its glafs .pillar, and keep it 
a little near &e fire, fo that ks iilk part 
m^y be dried ; take now a dry piece cf 
mutton*fuet, or a little tallow fpotn a can^ 
•lile, andjuft pafs it over the leather of iho 
rubber, then fpread a fmall quantity of the 
s^ove-defcribed amalgam ovier it, and forco 
it as much as poflible into the leather* 
This done, replace the rubber upon the 
^lafs pilar ; let the glafs cylinder be wiped 
N 4 once 
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once more, and then the machine is fit for 
ufc. In Mr. Nairne's machine no amal-* 
gam is put upon the rubber; but whilft the 
clean rufeber is on, and the cylinder turaing» 
a piece of leather with ibme amalgam fpread 
on it is applied for a few feconds to the under 
part of the cylinder, the doing of which 
will bring a fufficient quantity of amalgam 
to the rubber. 

Sometimes the machine will not. work 
well, becaufe the rubber is not fufficiently . 
fupplied with elcdric fluid ; which happeni^ 
when the tabl^ tipon which the machine 
ftands, and to which the chain of the rub- 
ber is conneAed, is very dry, and cohfe- 
quently in *a bad Condufting ftate. Even, 
the floor and the walls of the room are, in 
very dry weather, bad ConduSor s, and they 
cannot fupply the rubber fufficiently. In 
this csife, the beft expedient is, to conneft. 
the chain of the rubber, by means of a long 
wire> with fome moift ground, a piece of 
water, or with the iron-work of the water 
pump ; by which means the rubber will be 
lupplicd with as much electric fluid as is 
fcquire^. 

. It 



Digitized by VjOOQ IC 



tin E L E d T R 1 e it y. 185 

It muft be alfo remarked^ that when the 
cylinder is very hot, as above iio% it will 
not ad well. 

When a fufficient quantity of amalgam 
has been accumulated lipon the leather of 
the rubber, and the machine does not work 
very wellj then, inftead of putting more 
amalgam, it will be fufficient to take the 
rubber off, and to fcrape a little, that, which 
is already upon the leather. 

It will be often obferved, that the cylin-^ 
der^i after being ufed fome time, contrads 
fomc black fpots, occafioned by the ^miU 
gam, or fome foul^efs of the rubber, which 
grow continually larger, and greatly obftruA 
its ele€lric power. Thefc fpots muft be 
carefully taken off, and the cylinder niuft be 
frequently wiped, in order to prevent its 
contracting them. 

In charging cleflric jars in general, "ic 
muft be obferved, that not every machine 
will change theln equally high. . That ma- 
chine, whofc cledric power is the ftrongeft^ 
wilL always charge the jars higheft. If 

the 
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tlM (SQ»M:J9Bs« l>efar« thej ;urr v6d, be 
iwu^e a.Utllf .w»nii, they will re^iTC* ^d 
hold the charge the better. 

if ievers)} jar« 9S% cpnnii^ tpg^er, 
iipiQQg wlik^ thisre IF wi^ ^at i^ afit tp 
ii^if^t^ \!^ very ipon, then the Qth«r 
j«r$ will (dA) ro<9i> be discharged witli that % 
aithoilgb Ihcy may ^ capable of holdiqg 
•a yerf gr«t charge by themii^lveg, When 
elcdric jars arc to be diicharged> the Elec*i 
trician muft be cautious le(^, by fome cir* 
cHfiaftanc* oo^a^v^f^ed to, the ihocfc (hoijld 
pSi through a»y p^rt of his body ; for an 
uoexpeaod (hxki though npt very ftrong, 
nuiy ocpafiOfi feyeral dt%r^able accidents. 
la making the dllbharge, ^ar? muft be taken 
that the difcbargiog-rod be not placed on 
the thioneft part of the glaft, for that inay 
caufe the burning of th^ jar. 

When large batteries are difcharged, jars 
will be often found brpken in it, which 
bttrft %% the time of th? difebargc. To re- 
medy this inconvenience, Mr. NAipNf fays 
he has found a very ^wSwi me*o4 j which 
Is, never to difchargp the b^jcry through » 

good 
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good Condudor^ except the circuit 1>e Kt 
Icaft five feet long. Mr* NAiRMEadds^ that 
ever &ice lie madeufe of this precaution» he 
hfts discharged a very large battery near a 
hundred ttm€s> without ever breaking a fia^ 
gle jar, whereas before he w«s ccmtinuaUf 
breaking them. But here it muft be cim** 
fidered^ that the length of the circuit weak- 
ens the force of the fhock ^oportionafaly ; 
the higheft degree of which is in many oc^ 
periments required. 

When a coated phial is cracked, eidier 
by a fpontweous difcharge, or by any 
other accident, I remove the outfide coat* 
ing from the fraAured part, and then make 
it moderately hot by homing it to the. flame 
of a candle, and whilfl; it remains hot I ap- 
ply burning )fealing*wax to the part, ic^ as 
to cover the frafture entirely ; taking care 
that the thicknefs of the wax is rather more 
than the thicknefs of the glafs. Laftly, I 
cover all the fealing-wax, and alfo part of 
the furface of the glafs beyond it, with a 
compofition made with four parts of bees- 
wax, one of rofin, one of turpentine, and a 
very little oil of olives ; which compofi- 
8 tion 
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tioo I fpread upon a piece of oiled (ilk, 
^nd apply It lA the mannfcr of a plaiftcr.. 
With this method I have repaired &vcral 
broken phials fo effedtually; that aftdr being 
frequently charged, they were at laflf broken 
by a fpontancoos difeharge, but in a dif-» 
lerent part of the glafs *• 

It is advif^able, when a jar, and efpecially 
a battery, has been difcharged, not to touch 
its wires with the hand, before the dif« 
charging-Vod be applied to its fides a fecond, 
^ even a third time ; as there generally 
fenoains a refiduum of the charge -f*, which 
is fometimes very confiderable. 

♦ Here it is proper to remark, that when jars, or 
glafs in genera], that is coated for the purpofc of 
charging and difchargtng, is in any manner covered 
^ith cement or &aling-wax, it breaks more eafily hy 
4 fpontaneous difcharge ; and it is very remarkable, 
that the fra£lure generally lies on the limits of the 
cement. 

f This refiduum is in great mcafure occafioned by 
the Eledlricity, that, when the jar is charging, fpreads 
it(elf over the un JDared part of the glafs near the coat- 
ing, which will not be difcharged at iirft, but gradti^. 
«Uy returns to the coating after the firft difcharge. 

When 
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When any experiment is to be performed^ 
which requires but a fmall part of the ap- 
paratus^ the remaining pai:t of it (hould be 
placed at a diftance from the machine^ the 
prime Condu£lor^ and even from the cable» 
if that is not very large. Candles, par« 
ticularly, (hould be placed at a confiderable 
diftance from the prime Condudor, for the 
effluvia of their flames carry off much of the 
clefiric fluid. : 

Laftly, the young Eledridan'Aouhl jbn 
cautioned not to. depend on firft appearances 
in Eledfcrictty. ^ A new phenomenon oiay 
juftly excite hiscuiriofity : it is laudable to 
remark it, and to purfue the hint s but zt 
the fame tinie even the doubtful aflertion of 
a new fadt fhould never be made, till after 
a number of finiilar and concurring experi- 
ments. Ele^icityis a fciencc that often 
deceives the fenfes, and the.n\oft experienced 
Ele&rician frequently finds himfelf mi^ 
taken in things^ which perhaps he may have 
before confidercd as the mofl certain. . , 



CHAP^ 
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C H A 1>. V. 

I t 

Experiments concerning de&rk Attre&im 
ani Repuyion, 



]£XP£RIMBNT I* , 

*rbe eJeSirj/ied Cork-ball EleSlrometer. 

WH E N the dedrictil macbine is -put 
in ttAtr, 9XiA tlie prittie Condtidor 
{| fet fo, cfattt the points of the coHeaor stre 
-iixMit hatf an inch from thefufftee d^ 
oyliAdef, fix at the end of th« pm&e Cbn^ 
duCi:or the knobbed rod I B fig. 2^. tndhang 
on it the ele6bron)eter with the cork-'balls 
fig. 3. The balls win now toodh one ano^ 
ther, the threads hanging perpendicnWly, 
and pifallcl to each other. Bat if the cy- 
Irndef of the machine be whirled by turning 
•the vrinch E, then the cork-balls will repel 
one anpther, and more, or lefs, according 
as the Ele^ricity is more or le(s power- 
ful. 

, In 
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III tW« experimeht, iheglkfi cylinder ex* 
tfirAing the ekark fluid from thfe ttibber, 
tlit6WS it upoh the pointed wifdS df die col-^ 
lc€ter, and in confiquencc upon the prim* 
GoAduftor, ahd tiife defttometer j whxdi ire 
all conneftcd togethcJ: : and as bodies over* 
tharged with eiedtric fluid wlH di/riyfc tfe- 
ptl each other> fo tht cork*balls miift irepel 
tk&h other. 

If tlie efedrooieter t>e hung to a prkMt 
Condvltor ftegativtfy dedrlfted> /.^^. edH-^ 
iitacd with the litfukKbd tublier c^ the rat^ 
chine, the cork-balls will alfo repel each 
othK ; for bodim, otidercharged^ will re-* 
fiel each onhor, as well ai bodies otei^ 
dkarged ^th eleArit fluid. 

If^ in this fiate of r^puliion^ the frlfot 
GondfiGtor is touched with ipme codduAr 
ing fttbftance not infulated^ the cork-bailr 
will immediately cocqe together; for tb^ 
ele£lric fluid fuperinduced upon the prime 
€<mdo^or, and the eledrometer communis 
^ticig with it, IV1II be carried away to the 
ground by that conducting body 1 fo that ia 
this cafe the prime Condudtor can never be 

i over- 
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overcharged : nor can it be underchar^d^ 
if OMineded with the rubber; for its defi« 
ctencyof fluid is fupplied through that con- 
ducting body» with which it has been 
touched. But if» inftead of the conducing 
fubflance^ the prime Conductor is touched 
with an eledtric^ as for inflaoce a ilick ^ 
](ealing-wax» a- piece of glafs^&c. tiien th« 
cork-balls will continue to repel e^cb other ; 
becauie the electric fluid cannot be coq* 
^«i£ted through that cleric : hence we 
Ii^ave an eaify method 6£ (kterjoiifling wh^ 
bpdies aff^^CoAdudors^ and wbitt.-eteArici *v 

Thi§ cj^arical rispulfion is alfo {bsmk 
by the quadrant ele£troioetpr, : with a large 
downy feather, or the like; for if tfaefe.bt 
connected with the prime Conduiflor, and 
the winch bte turned, the eledlrometer will 
raife its index, and the feather, by the <if- 
vefgcncy of its down, will appear fwclldd 
iti'VL beautiful manner^ 

* This method in grofs will do very we)l ; but ifh^ 
the conducing power of fluids or fome other bodies, 
and the degree pf that power, is to be afcertsined, then 
recourfe muH be had to other means/more nice tad 
locurate. > 

EXPE- 
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Experiment II. 
AttraSlion and Repulfion of Kgbt Bodies. 

Conncft with the prime Condudor the 
two parallel brafs plates F, P, as reprefented 
in fig. 2. at about three inches diftance from 
one another, and upon the lower plate put 
any kind of light bodies, as bran, bits of 
paper, bits of leaf^gold, &c. ; then work the 
machine, and the light bodies will foon 
move between the two plates, leaping al- 
ternately from one to the other with great 
velocity. If, inftead of bran, or irregular 
pieces of other matter, fmall figures of men 
or other things cut in paper, and painted^ 
be put upon the plate, they will generally 
move in an eredl pofition, but will forae- 
timcs leap one upon another, or exhibit dif- 
ferent pofturesy fo as to afford a pleafing 
fpc6tacle to an obferving company. . 

In this experiment, both the attra^on 

and repulfion of Ele^ricity are obferved^at 

the fame time : for when the upper plate 

O F, which 
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F, which communicates with the priatf 
Condudlor, h eletftrified, the foizll bodiCs^ 
placed upon the tower plate# tc^ether with 
that pldte^ by bdbg wltltto the iphett of 
action of the electrified upper pkte, become 
a&u^Uy poflefled of a eontraty £lp&riQity» 
leaving their proper quantity of fluid in thf 
lQ\yer plate, or the other condv<^ng bodie^» 
that comnannicate with it. But bodiies diff^ 
ferentiy ele4i:rified attra^ ^ch ofl^er ; thcre^ 
fore the pl»te F attracts t^ofe light bodiie^. 
Nqw^ as &>on -as, chefe bodies tottch thp 
.jplate F, they become inibatly poifefied of 
the f^nxe Eti^dricity ^y^^ the platp» and Vfi\l 
therefbre.be im^iedi^te^ ^ep^lkd to tj^ 
lovfcf pUte^ which is aduaUy eledtrified 
lyith the contrary EkcSkricityf and by (oqchr' 
ing the light bodies, afiHts ip repelling them 
again to tipue upper plate i and thus thp 
plates continue to ^ upoft the%ht bodies 
alternatdy,. 

That the light bodies cannot be attradted 
by the upper plate, except they becom^e firft 
poffeffed of a contrary Eleftricity, may be 
objferyed as follows :r-^ut the faid li^ht bo- 
dies upon a clean^ and dry pane of glafs j^ 
• "'' ^' then 
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^lea tajcc off the Jbnifs plate^ P» with its 
ftand G> and in its (lead put the pane of 
glafsy holding it by one corner 5 this done^^ 
let the wheel of the./ machine be turned, 
and you will fee that the light bodies are 
not attradted by the brafs plate F ; for in 
this cafe they have no opportunity of part- 
ing with their proper quantity of fluid, and 
confequently cannot acquire the contrary 
Eie<aricity . feut if to the under fide of the 
pane df glafe, on -which the light bodies arc 
placed, a finger or any other conduftor be 
prefented, the light bodies will be inftantly 
^tradtcd-bythV'plftte F, and will leap be- 
tween the gli& 'and plate, in the fame oian- 
titx as between the two plates ; for theib 
bodies now depolk their fluid upon the up- 
per furface of the gla& plate, whilft the 
tinder furface depofits its fluid upon the 
linger, or other condudlor, thi^t has been 
brought near it *. If this experiment be 

^ I( the aboye (ucprriment h^ oitjde vfLtb a prime 
Cqndu£l(x:^ negatively electrified^ the tStGt wiD b^ the 
fame, only the Eledricities of the plates are reverfed ; 
L e. the upper plate \% e)e£lr]fied n^^tively^ and the 
under plate, by bei|ig in t^e ataiofp)>.ere of ^hpup^ 
one^ is pofitively eleiElrified. 

O 2 continued^ 
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continued, the glaft will foon be charg- 
ed*. - 

EXPERIMEMT IIL 

The Ffying-Jeatber, or Sbuttle-cock. 

The phenomena of plcdric attra<^ion and 
repuliion may be rcprefented alfo with a 
glafs tube, or a charged bottle, and fome o£ 
them in a manner more fatisfa<%ory than 
with the machine. 

Take a glafs tube (whether fmooth, or 
rough, is not material), and after having 
rubbed it, let . a fmall light feather be let 
out of your fingers at the diftance of about 
eight or nine inches from it. This feather 
will be immediately attraiSted by the tube, 
and will flick very clofe to its fiirface for 
about two or three feconds, and fometinies 
' longer ; after which time it. will be repel- 
led, and if the tube be kept under itji the 
feather Will continue floating in the air at 

# Eledric attra£lion and repulfion takes place alfo 
within a vacuum, made by means of common air- 
pumps* ; 

a cojn(« 
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a confiderable diftance from the tube^ 
without coming near it again, accept it 
firft touches fome condu&iirg fubflance; 
and if you. manage the tube dexterouflyt 
. you may drive the feather through the air 
of a room at your pleafure. 

The reafon of this experiment is obvi-^ 
ous; for when the feather is eledlrificd, it 
cannot approach, the tube again, except it 
firft touches fome conducing body, be*. 
caufe it cannot part with its Eledricity 
when floating in the air, and therefore can- 
not acquire a contrary Eledricity : con« 
iequently it muft remain in a (late incapa« 
ble of being again attracted by the excited 
tube. 

If it be afked. Why, when the feather is 
at firft attracted by the tube, it (licks for fo 
confiderable a time to its furface before it is 
repelled ? the anfwer is. That the feather 
being an elcrdric, requireth fome time be- 
fore it acquires any confiderable quantity of 
Electricity. 

There is a remarkable drcumftance at- 
tending this experiment, which is, that if 
O 3 the 
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the ftathei- b6 kept at a diftance ffofai ft* 
fAbfc by the fdtee of cleSfic reptilDoh, it 
Always prefetJls the fatae part towards the 
ttite :^ — ^Yott may thbvt the citcited tube 
aboot the feather veiy fwiflly, and yet thd 
fame fide of the feather ^\\l alwayS be prc- 
fented to the tube. The reafon of this 
^^phenomfenon is, that the equilibrium of the 
eledtric fluid in the parts of the feather, be- 
ing once ^iduthcd, cannot eafily be re- 
flored; be.caufe the feather is an eledlric, 
6r at leaft a* very bad CxJnduftof* When 
the feather has acquired a quantity of Elec- 
tricity from ' the "tune^'it ;s plain/' tKat Iby 
the aftion of the excited tube, that lapfir-* 
induced Electricity will be in the'greatell 
part forced on that fide of the' feafKer 
which bagpa^.to be at/firft the farthjeft 
from the tube; hence that part will. alwayj& 
%fterward be repelled the Jartheft* -^ 

^ This, experiment may be agreeably vafi-. 
cd i^ the^ following manner :— A perfon 
may hold In his hand an excited tube of 
fmooth glafs, and another perfon may hold 
an excited rough gbTi ttibe^ a fticlt of 
feahn^wax,. or ia ibtrft. aaothcjc ^firift 
; O pegatively 
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negatively eledrified, at about one foot and 
ft half diftance frotn the ftnooth glafs tube ; 
a feather now may be let go between thefe 
two differently-excited eleidlricS) and it will 
leap alternately frotn one ele<5tric to the 
Other ; and the two perfons will feem to 
drive a (huttle-cecji^ fforn one to the other^ 
hy the force of Eleftricity. i 

ExPtRlMEiMT IV. 

^befmall infulated Body. 

Tic a fmall body, aa for inftaaiea li|;ht 
piece of cork» to a filk thread: about* eight 
inches long^ aftd holding the thread by iti 
end» let the ihiall body hang aH the diiV 
tance of about eight inches from ^tbe fid^ 
of the prime Condudor electrified; *Thi$ 
fmall body, if the eleiftrizattbn .of! th^ 
Condudtor is not ftrong, ynA not be at^ 
traced ; for, being idfolated, it cannot, by 
depoifting its fluid Upon, or receiving fit 
from, another body (wheti the prin;ie €3onv 
AwQiov is eledrifiedr negatively), becoihe 
contrarily electrified. But if a finger or 
%ny conducting fubfl^nce be psefeated to 
4 the 
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the fide of the fmall body which is fartheft 
from the prime Condu<flor» then the fmall 
body will immediately move toward the 
prime Conductor ; for it has depofited its 
own fluid upon» or acquired ibme (in cafe 
the Conductor is negatively electrified) 
from the body prefented to it ; and when 
this body has touched the prime Conduc- 
tOTf it will be inftantly repelled from it, on 
account of the repulfion exiting betvi^een 
bodies poflefied of the fame kind of Elec* 
tricity. 

Indeed, if this infulated body be very 
near tb the prime ConduAor^ or the prime 
ConduAor ftrongly eledlrified, then the 
fmall body will be attraded without prc- 
ienting to it any conducing fuBftance ; but 
in this cafe its natural quantity of eledric 
fluid will be either repelled into the con- 
tiguous air, or crowded on the part of the 
Ipody which is farthcft from the prime 
Conduftor, if the Conduftor is cledrificd 
fofithefy ; but if it is eleAnfied negatively^ 
then the additional quantity of fluid, ne- 
cefiary to render the fmall body over^ 
charged, will be acquired from the air,, or 

the 
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the natural fluid belonging to that body 
will be all crowded on that fide of it, which 
is neareft to the ptitht ConduAor. 

If this fmall body, inftead of the filk, be 
fufpcnded by a linen thread, -it will be at-' 
traded at a much greater diftance,- than in 
the other cafe ; for now the eleftric fluid 
will cafily be conduAed by the thread, 
pailTng upwards, or downwards, according 
as the prime Condudor is eledtrified, viz. 
negatively or pofitively. 

Experiment V. 
The. ek£iric Well. 

Place upon an eledric flool a metal quart 
mug, or lome other conducing body pearly 
of the fame form and dimenfion; then tie. 
a fliort cork-ball eledromcter, of the kind 
reprefented fig. 3 *, at the end of a filk 
thread proceeding from the cicling of the 
room, or from any other proper fupport^ 

• Inftead of the ele6lromcter, there may be ufed any 
other kind of fmall conducing body i but that lecmi 
Veft adapted to fuch experiments* 

fo 
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ta that the eledlrpcmeter may be fufpended 
within the inug» and bo part of it may be 
above the mpiith; this done^.eleiSirify the 
mug, by giving it a fpark with an excited 
eledtric or otherwife, and you will fee that 
the eIe£troniVeter» wbilft it remains in that 
infulated fUuf^tion, even if it be mad^ 
to touch the, iidjes of the mug, is not at-* 
traded by if, nor.do^s it acquire any Elec- 
tricity i but if^ whilft it /lands fufpended 
within the mug, a Condudor, ftanding 
out of the mug, be made to communicate 
with, or only prefented to it, then the 
clcdlrometep acqiiires an Eledricily contra- 
ry to that of the mug, and a quantity of 
it, which is proportionable" to the body 
with which it has been made to conimqni^ 
cate ; and it is then immediately attracted 
by the mug* 

The reafon why in this experiment thg 
cledrometcr contrads no Eleftricity whilft 
fufpended intlrely within the cavity of the 
liiug, is, becaufe the Eledridty of the mug 
jifSs upon the eledrometer on all fides, and 
this has no opportunity of parting with its 
fluid/ when the mug is elcdrificd pofitivclyi 
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not of receiving any, when thi mug is 
elefftrtfied negatively. Bat, as £oon as any* 
Conduftor communicates with it, the dec- 
trometcr becomes immediately pofleffed of 
the Efcdtricity contrary to that of the mug j 
for if the mug be ele<ftrified pofitively, the 
flfuid belonging to the elcdrometer will be 
repelled to that body, which communicated 
with it ; and which, being out of the mug, 
cannot l?e afFcdled by its Eledlricity ; and 
if the mug is clearified negatively, it will 
attfaA the fluid of the ejedrometcr, which 
anally receives an additional quantity of 
it from that eondu<5ting body, with which 
it communicates. The eleftrometer there- 
fore, becoming always poffeffed of a con-* 
trary Elc(ftricity, muft neceflarily be at- 
traifted. 

If, by raifing the filk thread a little, part 
of the ekctrometer, /. e. of its linen threads, 
are lifted juft above the mouth of the mug, 
the ball<s will be immediately attraded ; for 
then, by the adtion of the Elcdtridity of the 
mug, it will acquire a contrary Eledtricity 
by giving to, or receiving the eleftric fluid 
fron>, the ^ir above the cavity of the mog^ 

It 
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, It has been fuppofed by fome, that the 
eledrometer in the above experiment (or' 
any other fmall infulated body), hanging in 
the cavity of an elcftrified veffcl, or the 
like, is not attracted by the fides of the 
veflfel, bccaufe the attradtion of £le6kricity» 
being as the fquares of the diftances in* 
verfely, cannot afFedl the eledtrometer one 
way more than another ; it being demon- 
ftrable, that, if to every point of a fpherical 
concave furface, equal centripetal forces are 
directed, decreafing as the fquares of the 
diitances from thofe points^ a fmall body 
iituated any where within that furface, 
would remain there, without being attraded 
one way more than another *« 

But to this it may be replied, that the 
demondration of the above-mentioned pro- 
pofition, if it is applicable to fpherical, or 
cylindrical concave furfaces, cannot, how- 
ever, be applied to every kind of irregular 
cavities, with which (if they/ exceed not a 
certain fize) the above experiment fucceeds 
as well, as with the cylindrical cavity of. 
the mug. 

^ ^ewton's Pnncipia, book L prop* LXX. 

In 
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In fliort, in this experiment, when the 
mug is eleftrificd pofitively, it is fuppofed, 
I. That the fuperinduccd fluid, taking place 
upon the external furface, occafions the 
contiguous air to depolit its fluid upon a 
iubfequent quantity of air, and this over- 
charged air occafions a contiguous circle^ 
or quantity of air, to depofit its fluid upon 
its iubfequent or next adjacent circle, and 
fo on, II. That none of the fuperinduccd 
.fluid can exift upon the internal furface of 
the mug, and therefore infulated bodies, 
intirely fufpended therein, can acquire no 
BleAricity, becaufe the internal air has no 
. opportunity of parting with its own fluid, 
except a fmall quantity about the mouth of 
the mug, where, accordingly, a little Elec-* 
tricity is obferrable. When the mug is 
ele<Strified negatively, then it is fuppofed, 
I. That the deficiency of fluid in the mug 
is only on its external furface ; for the air, 
contiguous to this furface, by acquiring 
an additional quantity of eledric fluid from 
the next fl:ratum of air, may become^ elec- 
trified pofitively. IL That the internal 
furface of the mug is not undercharged, 
becaafeits contiguous air, being furrounded 

by 
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by the mugi eannot bcscome oyercii^^ed, 
by acquiring an additioaal quantity pf 
fluids except a fmall quantity, towfu'ds, t^e 
mputh of the mug, vv^herc, accordingly, a 
liftle Ele^ricity is obfervablc. 

Experiment VJ. 

7q dijlinguijh the ^ality of EleSiricity in 
eleStrjfied Bodies. ^ 

Before we proceed further, it i% necef- 
fary that we (hould defcribe fome pra<fti- 
cal method of diAinguifliing the quality of 
the Eledricity in an eledrified hody^ which 
is abfolutely ncceilary for the right per- 
formance of thtt enfuing experiments. To 
do this, different methods may be followed, 
.which however .are all founded, either upon 
the eledric attradion, and repuUion, or 
upon the different appearances of the elec- 
tric light. To find out^h« quality of 
' Eled:ricity by the different appearances of 
its light, is a very convepient, and fure 
method ; but the phenomena of attradiod 
and repulfion, afiord one much more gene-- 
raU ^nd eafy ; for fometimes the quantity 
.of Eledriqity to be obferved is fo very 

fmall^ 
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(mall, that it will give no light, though 
it may be ftill capable pi ftttrafbing or re- 
pelling. 

The general method to prpve whetl^er 
the ElcariGity of a^ body, eledrified either 
by excitation, or comniunicatipn^ is nega- 
tive, or pofitiveji is to bring it pretty near 
to an eledlrified cleiftromcter D or Q fig. 4, 
and obferve whether the body attracts or 
repels it j for if the eledlronjeter is eledri- 
fied pofitively, and the eledrified body re- 
pels it, then you may conclude that the 
body is Alfo eleftrified pofitiyely ; becaufe 
bodie§, poffeffed of the fame kind of Elec- 
tricity, repel each other; but if the body 
pr^fented attradls the Eleftrometcr, then it 
muft be eledtf ified negatively, becaufe there 
is no eledtric attraftion between bodies, 
unlefs they are differently eledtrified; qpd 
as the electrometer is known to be eledri- 
• fied pofitively, the bbdy is confequently 
cleftrified negatively. 

This may be alfo done by cleftrifying the 

eledtrometer negatively ; but then the ef- 

fcifts are jufl the contrary, /. e. the elcftrr- 

10 . fied 
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fied body, if negative, will repel the elec- 
trometer, and if ppfitive, will attradt it*. 

In this experiment, however, it muft be 
obferved, that, if the Eleftricity of the 
cleftrified body is much ftrongcr than that 
of the eleftrometer, or the Eledricity of 
the latter ftronger than that of the former, 
and the cleftrified body be brought very 
near the clciarometer, then they will at- 
trad one another, notwithftanding they are 
pofTeiTed of the fame kind of ElecSricity, 
Suppofe, for inftance, that one of the elec- 
trometers C is pofitivcly eleftrified, fo that 
its cork-balh may diverge a1>out half an 
inch, and a glafs tube ftrongly excited be 
brought near it ; when this tube is a foot 
diftant, or more, the eledrometer will be 
a little repelled by it; but if the tube be 
brought nearer, the cork-balls, that before 
diverged half ai;i inch, will now converge 
till they are in ebntaa, and appear, as they 
adually arc, uneledrified ; becaufe the ac- 
tion of the excited tube has repelled their 
.fuperfluous fluid through the threads up to 
the 1-emoteft part of the elc£trometer. If 
the tube be prefen^ed ftill nearer, the balls 

9 . ^"1 
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will then be attradled by it, becaufe the 
ftronger Eledlricity of the tube repels not 
only their fuperinduced, but alfo their na- 
tural quantity of fluid up the threads, &c* 
land therefore the balls, becoming negative- 
ly electrified, muft neceflarily be attrad:ed 
by the tube. 

Upon this principle an elcdrometer may 
be electrified negatively by means of an 
eledtric pofitively excited ; or, on the con- 
trary, it may be electrified pofitively by an 
eledtric poflcired of the negative EleCtrici- 
ty. Take, for inftance, a glafs tube excited 
pofitively, and bring it within fix or feven 
inches under the balls of one of theabove- 
faid electrometers ; in which cafe the balls 
of the electrometer will diverge, becaufe 
their natural quantity of eleCtric fluid has 
been driven from them to the upper part 
of the threads by the aCtion of the tube 
pofitively excited j fo that the balls in rea- 
lity diverge with negative EleCtricity. 
Now, in this fl:ate touch the upper part 
of the threads of the eleCtrometer with 
your finger, which will take off^ fome of the 
eleCtric fluid nitural to the eleCtrometer ; 

P ' after 
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after which remove the finger, and imme- 
diately after remove the glafs tube, and 
the eleftrometer will remain cle<3rified ne- 
gatively, becaufe the excited glafs tube did 
not impart any eleftric fluid to the elec- 
trometer, but only difturbed the eqilili-* 
brium of the natural quantity of eleflric , 
fluid, which belonged to it, and part of 
which eicapcd through the finger that 
touched the eleftrometer, and which did 
confequently remain in a negative ftate.— 
After the like manner the ele<ftromfcter 
may be elc<3:rified pofitively, by means of 
a body poflefled of negative Eledricity. 

But fhould a more precife method than 
the above be required, to determine the 
quality of the Electricity of an electrified 
body, the following may be ufed : — Firfl:, 
cleftrify one of the eledtrometers C, placed 
upon the ftand fig. 4, either pofitively, or 
negatively, at pleafure : touch it, for in- 
fiance, with an excited glafs tube, fo that 
its balls May repel, and ftand about two 
inches diftant from one another j then touch 
the other eledrometer C with the eledri- 
fied body, that you defire to examine^ {0 

that 
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that it may be poflefled of the fame degree 
of Eledricity : Laftly, take either of the 
two elcdtrometers by the top of the glafs 
handle a, difcngage it from the arm of the 
ftand, and bring it near the other ele€lro* 
meter ; if then the balls of one electro- 
meter repel thofe of the other, you may 
conclude that they are poflefled of the fame 
kind of Eledlricity ; but if they attraft each 
other, you may conclude that they were 
eledlrified with contrary Eleftricities ; and 
as you know the Eledricity of that eleftro- 
meter, which was firft eleftrified, you will 
alfo know the Ele<ftricity of the other elec- 
trometer, /. e. of the eleftrified body, with 
which it was touched. 

The above experiment may be^fo made 
with the fingle-thread elcftromcters 5 for 
if they are brought near to one another, 
when their feathers are eledtrified, th^. 
will, if poflTeflfed of the fam^ Eledricity^ 
repel, or if poflTclIbd of contrary Eledtrici- 
tics, attradt each other. 
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\ 

Experiment VII. 

T^he infuhted metallic Rod. 

Infulate in an horizontal pofition a me- 
tallic rod about two feet long, having 
blunt ends, and to one of its ends fufpend 
an eleftrometer, like that reprefented fig. 3; 
then . bring within three or four inches 
diftance of its other end an excited glafs 
tube. On the approach of the tube, the 
balls of the eleftrometer will open, and if 
you prefeat towards them a body pofitively 
electrified, you will perceive, that they di- 
verge with pofitive Ele6tricity. If the 
tube is removed, the balls come together 
again, and no Electricity remains in them, 
or in the metallic rod. But if while the 
tube is near one end 'of the rod, and the 
balls diverge with pofitive Electricity, the 
other end of the rod, viz. that from which 
the electrometer hangs, be touched with 
fome Conductor, the cork-balls will come 
immediately together, and they will remain 
fo when the Conductor has been removed; 

—remove 
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—remove now tht excited glafs tube, and 
the balls will immediately diverge with ne- 
gative Eleftricity; which (bows that the 
rod remains undercharged, /. e. eleftrified 
negatively. 

The rcafon of thi^ experiment is, that 
the repelling power of the excited tube, 
driving the fluid of one end of the rod to 
its other end, /• e. to that, with which the 
eleftrometer is connedted, renders this end 
cledtrified pofitively ; but in faft the tube 
communicates no Electricity to the rod, it 
only difturbs the equable difFufion of its 
fluid ; in confcquence of this, the eledtro- . 
meter, hanging to the overcharged end of 
the rod, muft neceflfarily appear to be elec- 
trified pofitivcly ; but when the tube is re- 
moved, then the eledtrometer appears. again 
uneledrified : for the fluid, which bad by 
the adion of the tube been driven to one 
end of the rod, now retires to its former 
fituation, and leaves the rod with the 
cleftrometer unelcCtrified. 

* In the fecond cafe, when the balls of the 

eleftrometer diverge with pofitive Eledtri- 

pty, if that end of the rod is touched with 

P 3 fome 
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fi)me condu^r, all its fuperfluous fluids 
which is no other than that belonging to 
tha oppofite end of the rod, will be commu- 
nicated to that body, with which the rod is 
touched, and therefore the eleftrometer re- 
mains uneleftrified : but now in fadt the 
rod has loft fome of its natural quantity of 
fluid ; for if the end of it, that is fartheft 
from the excited tube, remains in its natu- 
ral ftate, the other end is undercharged; 
confequently, when the tube is removed, 
the fmall quantity of fluid that remains in 
the rod will difFufe itfelf uniformly through 
it ; but this quantity of fluid is lefs than 
that naturally inherent in the rod ; the rod 
will therefore remain undercharged, and 
hence the balls of the electrometer diverge 
with negative Eleftricity, 

This explanation is the fame as that 
mentioned in the preceding experiment, 
viz. in the method of eledtrifying an elec- 
trometer negatively, with a body poflcfled 
of pofitive eledtricity, &c. ; but as this expe- 
riment is the bafis, or key, of feveral others, 
I fhall infift on it a little longer 5 and, to 
fender its explanation more intelligible. and 

clear. 
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clear, I (hall make ufe of the fqllowing 
diagram : 



-B. 



Let the above-mentioned infulated rod 
be reprefcnted by the line A B. When 
this rod is in its natural ftate (in refpeft to 
Eleiftricity) then the eleftric fluid belonging 
to it, is equally difFufed throughout the rod. 
But when the excited tube is brought with- 
in three or four inches diftance of one of 
the ends, for inftanc6 B, then the fluid, be- 
longing to that endf will be driven to the 
end A ; which end therefore becomes over- 
chargedi and the end B undercharged ; yet 
the rod has no more eleftric fluid now, 
than it had before ; and when the tube is 
removed to fome diftance from the rod, the 
fuperfluQus fluid, repelled to the end A, 
returns to its former place, /. e. to the end 
B, and the equilibrium in the rod is re- 
ftored. But if, when the fluid in the rod 
is repelled to the end A, this end be 
touched, the fluid repelled thither will im- 
mediately be condudted away by the body 
that touched it, and will leave the end A 
P 4 of 
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of the rod in a natural ftatc; but at the 
fame time^ the end B is undercharged; 
therefore, when the tube is removed, part 
of the natural fluid belonging to the end A, 
will go to the end B ; and thus the whole 
rod will remain undercharged, /. e. nega- 
tively elcdtrified. 

If the above experiment be made with 
an elcftric negatively electrified (for in- 
ilance, a rod of fcaling-wax inftead of the 
excited glafs tube) then the apparent Elec- 
tricities in the rod will be juft the reverfe 
of what they were before ; for in this cafe, 
that end of the rod to which the eleftric 
has been prefentcd, will be overcharged, 
and the oppofite end undercharged ; which 
oppofite end, if touched in this ftate with 
fomc conduding fubftance, will acquire 
fome eledlric fluid from that fubftance; 
and when, after that fubftance has been 
removed, the excited eledric is alfo re- 
moved, the rod will remain overcharged. 

In making this experiment, care muft 
be taken that the end of the: rod be very 
blunt, and that the cledric be not very 

powerfully 
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powerfully excited ; otherwife a fpark may 
pafs from this to the rod, which renders 
the experiment precarious. 

Experiment VIII. 

TAe two infulated metallic Rods. 

Take two rods of metal, each about a 
foot long, furniflied with knobs at both 
ends, and, either by filk lines, or by infu- 
lating ftools, infulate them, fo that they 
may ftand horizontally in one diredlion, 
and at about half an inch diftancc from one 
another. To the middle of each of thefe 
rods hang an electrometer, like that repre- 
fented fig. 3. This done, take an excited 
glafs tube, and bring it to about three 
inches diftance from the knob of one of 
the rods ; on doing which, the eleftrome- 
ters of both rods will appear eledtrified : 
keep the tube in that fituation for about 
two feconds, then remove it. The rods now 
will remain electrified, as appears by the 
electrometers ; the firft, viz. that to which 
the excited tube had been prefented, re- 
fnaining negative, and the other pofitivjB. 

The 
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The reafon of this phenomenon is, that 
when the tube was near the end of one of 
the rods, the aftion of its fluid repelling 
the fluid of that rod^ caufed it to pafs in^a 
fpark to the other contiguous rod; on 
which account, when the tube was re- 
moved, the firft rod, having loft fome of its 
natural fluid, remained undercharged ; .and 
the other rod, acquiring the fluid loft by 
the former, became overcharged. 

In this experiment, if, inftead of the 
^ glafs tube, an eleftric, negatively excited, 
be brought near the end of one rod, theq 
that rod will be cledlrified pofitively, and 
the other negatively ; for the adtion of this 
eledric, producing juft the contrary eflfedt 
of the glafs tube, inftead of repelling the 
fluid of the firft rod into the fecond, at- 
trafts that of the fecond into the firft. 

In this experiment the eledlric does not 
communicate any elcdricity of its own, 
but only difturbs the equilibrium betwecij 
the fluid of the rods* 



CHAP. 
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CHAP. VI. 

Experiments on ekEiric Light. 

r 

TH E following experiments require 
to be niade in the dark ; for although 
the eledlric light, in feveral circumftances, 
may be fcen in the day-light, yet its ap- 
pearance in this manner is very confufed ; 
and, that the Eledrician might form a betr 
ter idea of its different appearances, it i^ 
abfolutely neceffary to perform fuch expe^ 
riments in a darkened room. 

Experiment I. 

^be Star and Penfil cf eleSiric Light i 

When the cledtrical machine is in good 
order, and the prime Gondudtor is fituated 
with the coUedlor fufficiently near the glafs 
cylinder (which fituation I ftiall call here- 
after its proper place) turn the winch, and 
you will fee a lucid ftar at each of the 
points of the collector. This ftar is the 

conftant 
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conftant appearance of the eleftric fluid 
that is entering a point. At the fame tioie, 
you will fee a ftrong light proceeding from 
the rubber, and fpreading itfelf over the 
furface of the cylinder ; and, if the excita- 
tion of the cylinder is. very powerful, denle 
ftreams of fire will proceed from the rub- 
ber, and, darting round almoft half the cir- 
cumference of the cylinder, will reach the 
points of the colleftor *. 

If the chain of the rubber is taken ofF, 
and a pointed body (as for inftance, the 
point of a needle or a pin) is prefented to 
the back of the rubber, at the diftancc of 
about two inches, a lucid pencil of rays 
will appear to proceed from the point pre- 
fented, and diverge towards the rubber* 



^ If the prime Conduflor is removed, the dcnfc 
ftreams of fire will go quite round the cylinder ; reach-a 
ing from one fide of the rubber to the other. — By ob- 
ferving on which fide of the cylinder thofc ftreams arc 
moft copious, it may be eafily determined which fide of 
the rubber preffes mere or leis upon the cylinder, or is 
Ijettcr covered with amalgani, o^, in fliort, which fide 19 
the moft or leaft fit for the excitation of the glafs. 
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This pencil is the conftant appearance of 
the eledtric fluid ifluing from a point ; and 
in faft, it now comes out of the point, ia 
order to fupply the rub|)er, which i$ con- 
ftantljr exhaufted by the cylinder in mo- 
tion. 

If another pointed body be prefented to 
the prime condutflor, it will appear illumi- 
nated with a ftar ; but if a pointed wire, 
or other pointed condu<a:ing body, be con- 
nedled with the prime Conductor, it will 
throw out a pencil of rays ; for the prime 
ConduSor being overcharged, the fluid de- 
parting from it muft, agreeably to the law, 
-form a pencil on that point from which it 
flies ofi^, and a ftar on that point which it 

enters ** 

F. Bec- 

* It may be aflced, why the ele<9:ric flaid entering a 
point, caufeth the appearance of a ftar ; and when go- 
ing out of the point, caufeth the appearance of a brufh 
of rays? In anfwer to this queftion, F. Beccaria 
fuppofes, that the ftar is occafioned by the dif&culty 
with which the eledric fluid is extricated from the air, 
which is an eledric. Suppofe, for inftance, that a 
pointed wire is prefented to a body pofitively eledrified, 
the clc<aric fluid is firft from that body communi- 
cated 
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F. Beccaria remarks, that if two 
equally {harp points arc approached to a 
prime conduSor, they will appear lumi- 
nous at only half the diftance at which 
one of them would have done. 

From this experiment may be learned 
the method of diftinguifliing the quality of 
the Elcftricity of an eleftrilied body, by 
the appearance of the eledlric light ; for if 
a needle^ or any other pointed body, be 
prefented in. the dark, with the point to- 
wards a body ftrongly eleftrified, it will 
appear illuptiinated with a ftar, when that 
body is eledtrified pofitivcly, and with a 
pencil or brufh, when it is eledrified ne- 
gatively. 

Here it is proper to remark, that if two 
points (one of which is connected with the 

cated to the air between it and the wire, and then 
the wire muft extricate it from that air. The brufli^ 
he fuppofes to be occafioned by the force with which 
the eleSric fluid, going out of a point, runs through 
the contiguous air to that which is more remote from 
it ; /• e. by dividing the contiguous air, and not by 
affixing itfelf to it. 

prime 
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prime condudor, or the rubber) are op- 
pofed to one another, the appearance of 
light in both is pretty much the fame* 
Mr. WiLCKE remarks, that if a point not 
cle6lrified, is oppofed to another point elec- 
trified pofitively, the cones of light, which 
otherwife would appear upon them, difap- 
pearj but that if a pofitive cone be op- 
pofcd to a negative cone, they both pre** 
fcrve their own charaderiftic properties *. 

I Experiment IL 

Drawing Sfarh. 

Let the prime Condudlor be fituated in 
its proper place, and eledtrify it by work- 
ing the machine s then bring a metaHic 
rod with a round knob at each end, or the 
knuckle of a finger, within a proper dif- 
tance of the prime Conduftor, and a fpark 
will be fecn between that and the knuckle, 
or knobbed wire. The longer and ftronger 

• WiLCKE, p. t40.-^See Bbccaria's Art. EleS. 
% 941, and following. 

2 fpark 
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fpark is drawn from that end of th^^ritne 
Conduftor which is fartheft from the cy- 
Jinder, or rather from the end of the 
knobbed rod I B, fixed at its end B> 
fig. 2 *. 

This fpark (which has the fame appear- 
.ance» whether drawn from a prime Con- 
du<3:or pofitively, or negatively eledlrified) 
appears like a long line -f* of fire, reaching 
from the Conduftor to the oppofcd body ; 
and often (particularly when the fpark is 
long, and different conducing fubftandes 
are near the line of jts direction) it will 
have the appearance of being bended to 
fharp angles in different places, exactly re- 
fembling a fla(h of lightning. Notwith- 
. {landing, however, this extended appear* 
ance, which is imputed to the quick paAT 
fage 6f the luminous matter, the electric 

♦ The reafon of this, I think, is, becaufe that end 
of the prime conduiSor is lefs influenced by the at- 
mofphere of the excited cylinder. 

t It often darts bruflies of light fidcways, in every, 
dlredion. 

9 fluid 



yr' 
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fiuidjlpng from one body to another in a 
IparkPHreafonably thought to proceed in 
a feparate> and nearly globular body. 

The dircftioo of the fpark often deceives 
the moft experienced Eledlrician, it feem- 
ing fometimes to proceed from one place, 
and at other times, under the fanie circum** 
fiances, to proceed from the oppofite. 
When the prime Condudor is ele<9:rified 
pofitively, the fpark muft certainly proceed 
from it, and go to the body prcfented ; and 
when the prime Conductor is deftri-ied 
negatively, the fpark muft proceed from 
the body prefented, and go to the Con- 
dudor. This, however, we learn by rea* 
foning from other experiments i for the 
real diretStion of the fpark in the above 
experiment, is much more rapid in its 
motion than to admit its form, much lefs 
its diredion, to be perceived by our eyes. 
With Mr. Nairne's machine, which is 
very powerful, it is obfervable, firft, that jthe 
fparks from the negative conduftor are 
more pungent than thofe from the pofitrve ; 
and fccondly, which may be the caufe of the 
preceding efFeft, that when a blunt body is 
Q^ ♦ • prelented 
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prefentedto the negativecondudor^kfpark 
appears branched towards the cHRi^or^ 
and concentrated in one (lock towards tl^e 
bodys but with the pofitive conductor the 
appearance -pf the fpark is j oft the reverie. 



.TISE 

CW)<! 



A longer fpark may be drawn from a 
larger than from a frn^If^r Cpnduftor, ex- 
cept when the Condud:or exceeds a certain 
fize. The Condufl:ar> whfdb, when piit 
before an ordinary elecflrical .machine, will 
give iparks about equal in length to the 
diameter of the glafs cylinder of the ma«> 
chine, is the largeft that can be ufed (9 
advantage; for a longer fpark cannot be 
obtained, except in fonie particular cafes, 
n)iz. when fpme particles of.duA, or other 
extraneous matter, happen to be inter-^* 
pofed between the Condudlor and the brafs 
ball, or .other fubftance, that is oppo-: 
fed to it, &c. as will appear^ from the foU 
lowing reafoning :— The circumference of 
the glafs cylinder is nearly equal to three 
times its diameter. The rubber, with its 
piece of filk, &Ct may occupy about one 
third part of the faid circupiference, and 
confequently the colledor of the Conduc-^ 
|or, whqn ^put in the / fniddle of the re-^ 
'9 maining 
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hiain^^Mforface^ at moft cannot be far- 
ther f^TO the rubber than the length of 
one diameter of the cylinder^ 'viz^ one 
third part of the circumference; there- 
fore it is plain that if the cylinder could 
give a ^ark longer than the diameter of 
the cylinder^ the fpark would be darted to* 
the rubber, rather than to any other body 
placed farther off from the Conduiflor.— 
When the rubber of the machine is made 
to comn^unicate with the earth, by means 
of imperfed conductors, as a piece of wood, 
&c. then the Condu(3:or will give a fpark 
generally longer than when perfedt conduc- 
tors are employed for the faid communica- 
tion. In this cafe it may happen, that a 
fpark fome fmall matter longer than the 
diameter of the cylinder, might be ob« 
tained. 

Experiment lit* 

The eleBric Light fajhing betnveen two 
metallic Plates. : 

Let two perfons, one {landing upon an 

infulated ftool, and communicating with 

the prime Conduftor, and another ftanding 

upon the* floor, each hold in one of hi^ 

0^2 hands 
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c^r a 



haods a metal plate, in fuch a mai^^ that 
the plates may (land back to bapk^r a pa- 
rallel lituation, and about two inches afun- 
der. Let the winch of the machipe be 
turned, and you will fee the flaflies of light 
between the two plates fo denfe and fre- 
quent, that you may eafily diftinguifh any 
thing in the room. By this experiment, 
the eledric light is exhibited in a very 
copious and beautiful manner, and it bears 
a ftriking refemblance to lightning. 

Experiment IV. 
To fire inflammable Spirits. 

The power of the eledlric fpark to fet 
fire to inflammable fpirits, may be exhi- 
bited by fcveral different methods ; but 
more eafily thus : -^ Hang to the prime 
Conductor a (hort rod, having a fmall 
knob at its end, then pour fome fpirit of 
wine, a little warmed, into a metal fpobn*; 
hold the fp6on by the handle, and 

place 

♦ The readieft way to warm the fpirits for this «- 
perimcDt, is to fct it on fire with a candle when it is in 

the 
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place k in fuch manner^ that the fmall 
knob on the rod may be about one inch 
above the furface of the 0)irit. In this 
fituation> if, by turning the winch^ a fpark 
be made to come from the knob, it will 
fet the fpirit on fire. 

This experiment happens in the very 
fame manner, whether the Condu(flor is 
cledlrificd pofitivcly or negatively, u e. 
wHether the fpark be made to come from 
the Condu£tor^ or from the fpoon i it be* 
ing only in confequence of the rapid mo« 
tion of the fpark that the fpirits are kin-- 
died* 

It will be perhaps fcarce neceflary to re-* 
mark, that the more inflammable the ipi* 
rits are, the more proper they will ht for 
this experiment, as a fmaller fpark will be 
fufficient to inflame them; therefore rec-^ 
tified fpirit of wioe is better than common 
proof fpirit, and sether better than either. 

the fpoon, and, after it has burned for about twp or 
three feconds, to blow it out with your breath. In this 
ftatc it will be found very ready to take fire, eveq by a 
fmall fp4rk. 

Q.3 This 
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This experiment may be varied different 
ways, and may be rendered very agreeable 
to a company of fpedtators. A perfon, for 
inftance, ftanding upon an eleftric ftool, 
and communicating with the prime Con- 
dudlor, may hold the fpoon with the fpi- 
rits in his hand, and another perfon, fland* 
ing upon the floor, may fet the fpirits on 
fire, by bringing his finger within a fmall 
diftance of it, Inftead of his finger, he 
may fire the fpirits with a piece of ice ; 
when the experiment will feem much more 
furprizing. If the fpoon is held by the 
perfon ftanding upon the floor, and the in- 
fulated perfon brings fome conducing fubr 
ftance over the furface of the fpirit, the 
experiment fucceeds as well. 

•* Mr. WiNCKLER fays, that oil, pitch, 
^' and fealing-wax, might be lighted by 
*' elcftric fparks, provided thofe fubftances 
•* were firft heated to a degree next to 
«^ kindling. To thefe it muft be added, 
** that Mr. Gralath fired the fmokc of 
*' a candle juft blown out, and lighted it 
"again; and that Mr. fiozE fired gun^ 

'^ powder. 
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*^ powder, melting it in a fpoon, and iirft 
" the vapour that rofe from it */' 



Experiment V* 

T^be artificial Bolonian Stone illuminated 
by the eleSiric Light. 

The moft qurious experiment to (hew 
the penetrability of the cleftric light, is 
made with the real, or with the artificial 
Bolonian (lone, which is procured more 
cafily, and was invented by the late 
Mr. J. Canton, This phofphorus is a 
calcareous fubftance, generally ufed in thd 
form of a powder, which has the property 
of appearing lucid, when brought into the 
dark after having been expofed to the 
light f . 

Take 

♦ Priestley's Hift, of Ekft. period VII. 

t The method of making this phofphorus is as foU 
lows : *' Calcine fome common oyfter-fhells'' (if they 
are old, and half calcined by time, fuch as are com* 
monly found upon the fea-fhore, they are^ as Mr. W.^ 
Canton obferves, fo much the better) *^ by Iceeping 
^^ tbem in a good coal -fire for half ao hour ; let the 
0.4 " PVcft 
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Take fomc of this powder, and, by 
means of fpi fit of wine, or aether, ftick it 
all over the infide of a clear glafs phial, and 
ftop it with a glafs ftopper, or a cork and 
fealing-wax. If this phial be kept in a 
darkened room (which for this experiment 
muft be very dark) it will give no light ; 
but let two or three ftrong fparks be drawn 
from the prime Condudlor, when the phial 
is kept at about two inches . diftance from 

** pureft part of the calx be pulverized, and fiftcd \ 
^^ mix with three parts of this powder one part of the 
*' flowers of fulphur } let this mixture be rammed into 
«* a crucible of about an inch and a half in depth, till it 
** be almoft full ^ and let it be placed in the middle of 
♦* the fire, where it muft be kept red-hot for one hour 
•• at Icaft, and then fct it by to cool : when cold, turn 
** it out of the crucible, and cutting or breaking it to 
'* pieces, fcrape off, upon trial, the brighteft parts; 
** which, if good phofphorus, will be a white powder,, 
^* and may be prefer ved by keeping it in a dry phtal 
•« with a ground ftopple." 

If this phofphorus, whether in the phial or not, be 
kept in the dark, it will give no light, but if expofed 
to the light, either of the day, or of any thing dfe, 
and afterwards brought into a dark placed, it will then 
appear lucid for a confiderable time. For farther pro* 
perties •f this phofphorus, feci the Phil. Tranf. VoU 
LVIII. 

the 
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the fparks, fo that it may be expofed to 
that light, and this phial will receive the 
light) and* afterwards will appear illuaiinat- 
ed for a confiderable time. 

This powder may be ftuck upon a board 
by means of the white of an egg, fo as to 
reprefent figures of planets, letters, or any 
thing elfe, at the pleafure of the operator, 
and thefe figures may be illuminated in the 
dark, in the fame manner as the above- 
defcribed phial. 

A beautiful method to exprefs geometri- 
cal figures with the above phofphorus, is 
to bend fmall glais tubes, of about the 
tenth part of an inch diameter, in the (hape 
of the figure defired, and then to fill thenx 
with the phofphorus powcler. Thefe may 
be illuminated ia the manner defcribed, 
and they are not fo fubjeft to be fpoiled, 
as the figures reprefented upon the board 
frequently are» 

The beft method of illuminating this 
phofphorus, and was that Mr. W. Can- 
ton generally ufed, is to difcharge a fmall 
fleftric jar near iu 

Paper^ 



L 
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Paper, after being made dry and rather 
hot, marble, oyfter-flicUs, and moft calca- 
reous fubftances, cfpecially when burned to 
lime, have the property of being illumi- 
nated by the light given by the difcharge 
of a jar, though not fo much as the above- 
mentioned phofphorus. 

Experiment VI. 

T^be luminous ConduBor. 

Fig. 6. Plat« I. reprefents a prime Con- 
ductor invented by Mr. Henly, which 
fiiews clearly the diredion of the eleftric 
ftuid pafiing through it, from whence it is 
called the luminous Condu£lor *. The mid- 
dle part EF of this Condudfcor is a glafs 
tube about eighteen inches long, and three 
or four inches in diameter. To both ends 
pf this tube the hollow brafs pieces FD, 
BE, are cemented air-tight, one of which 
has a point C, by which it receives the 

P An inftrument much like this Condudor was 
foiQe years ago coatrived by Dr. Watson, with which 
lie made fisveral original experiments upon the ele<^r|c 

dedtric 
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eleftric fluid, when fet near the excited 
cylinder of the eledtrical machine, and the 
other has a knobbed wire G, frorn which a 
ftrong fpark may be drawn ; and from e^ch 
of the pieces F D, BE, a knobbed wire 
proceeds, within the cavity of the glafs tube* 
The brafs piece F D, or B E, is compofed 
of two parts. /. e. a cap F cemented to the 
glafs tube, and having a hole with a valve, 
by which the cavity of the glafs tube may 
be exhaufted of air ; and the ball D, which 
is fcrewed upon the cap F.' The fop* 
porters of this inftrument are two glafs pil- 
lars fattened in the bottom board H, like 
the prime Conduftor reprefented fig. z. 
When the glafs tube of this Conduftor is 
exhaufted of air by means of an air pump, 
and the brafs ball is fcrewed on, as repre- 
fented in the figure, then it is fit for ufc, 
and may ferve for a prime Condudor to a^ 
eledrical machine. 

If the point C of this Conduftor U fet 
near the excited cylinder of the machine, 
it will appear illuminated with a ftar j at 
the fame time the glafs tube will appear all 
mum^natcd with a weak light ; but from 

the 
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the knobbed wire, that proceeds within the 
glafs from the piece FP, a lucid pencil 
will iflue out, and the oppofite knob will 
appear illuminated with a ilar or round 
body of light, which, as well as the pencil 
of rays, is very clear, and difcernible among 
the other light, that occupies the greateft 
part of the cavity of the tube. 

If the point Q, inflead of being prcfcnt- 
cd to the cylinder, be connefted with the 
rubber of the machine, the appearance of 
light within the tube will be reverfedj the 
knob which communicates with the piece 
F D appearing illuminated with a ftar, and 
the oppofite with a pencil of rays i foecaufe 
in this cafe the diredion of the eledtric fluid 
is juft the contrary of what it was before ; 
it then going from D to 6, and now com^ 
ing from B and going to D* 

If the wires within the tube E F, inftead 
of being furnifhed with knobs, be pointed, 
the appearance of light is the fame, but it 
feems not fo llrong in this, as in the other 

pafe. 

EXPE- 
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Experiment VII. 
TAe conducing Glafs Ttube. 

Take a glafs tube of about two inches 
diameter^ an4 about two feet long ; fix to 
one of its ends a brafs cap, and to the other 
a {|op*cock» or a valve; then by means of 
an air-pump exhauil it of air. If this tube 
be held by one end^ and its other end be 
brought near the cle<a:ri6ed prime Conduc- 
tor, it will appear to be full of light, when- 
ever a fparkis taken by it from the prime 
Condudtor ; and much more fo, if an elec- 
tric jar J3e difcharged through it. 

This experiment may alfo be made with 
the receiver of an air-pump.— Take, fur in- 
ftance, a tall receiver, clean and dry, and 
through a hole at its top infert $1 ' wire, 
which muft be cemented, air-tight. The 
end of the wire, that is within the tube, 
mufi be pointed, but not very (harp 5 and 
the other end muft be furniOied with a 
knob. Put this receiver upon the plate of 

the 
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the air-pump, and exhauft it. If now the 
knob of the wire at the top of the receiver 
be touched with the prime Conduftor *, 
every fpark will pafs through the receiver 
in a denfe and large, body of light, from 
the wire to the plate of the air-pump. 

It muft be obferved, that when the air 
is very much rarefied, the eleftric light in 
it is leis denfe^ though more did^ufed, and 
contrary wife. 

Experiment VIII, ^ 
T!he Aurora Borealis. 

Take a phial nearly of the fliape and fizc 
of a Florence flafk; fix a ftop-cock.or a 
valve to its neck, and exhauft it of air aa^ 
much as it is poffible with a good air- 
pump. If this glafs is rubbed in the com««^ 
mon manner ufed to excite eleArics, it will 

* When any thing is to be touched with the prime 
Conductor, that is not very portable, as the air-pump 
above mentioned, the communication between the 
former and the latter may be made by iitte^ns ofia rod 
furnifhed with an ele^ric handle, or the like. 

appear 
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appear luminous within, being full of a 
flafliing light, which plainly refembles the 
aurora borealis, or northern light. This 
phial may alfo be made luminous by hold- 
ing it by either end, and bringing the other 
^nd to the prime ConduiSlor ; in this cafe 
all the cavity of the glafs will inftantly ap- 
pear full of fliihing light, which remains 
in. it for a confiderable time after it has 
been removed from the prime Condudor. 

Inftead of the abbve-defcribed glafs vef- 
fel, a glafs tube, exhauded of air and her- 
metically fealed, nfiay be ufed, and per- 
haps with better advantage. The moft 
remarkable circumftance of this experi- 
ment is, that if the phial or tube, after it 
has been removed from the prime Conduc- 
tor (and even feyerial hours after its flafliing 
light hath ccafed to appear) be grafped 
with the hand, ftrong flafhes of light will 
immediately appear within the glafs, which 
often reach from one of its ends to the other. 

* The caufes on which this experiment 
depends are two 1 firft, the conducing na- 
ture of the vacuum ; and, fecond, the charg- 
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ing of the glafs : for when one fide of the 
glafs phial is touched with the prime Con- 
dudor, the eledtric fluid, communicated to 
the outfide furface of one fide of the phial, 
caufeth the natural fluid belonging to the 
infide furface to depart from its place, and 
go to the oppofite fide of the phial ; ind 
this fluid, pafling through the vacuum, 
caufes the light within the phial, which 
light is more or lefs fubdivided, according 
as the vacuum is lefs or more perfedt. Now, 
that part cff the phial, which has touched 
the prime Condudtbr, is ad:ually charged ; 
for its outfide furface has acquired an ad- 
ditional quantity of eleftric fluid, apd the 
infide furface has loft part of its own ; but 
• as the outfide of the phial has no coating, 
therefore, when it is removed from the 
prime Condu<flor, and is not grafped 
with the hand, or other Condudor, the 
charged part oftjie glafs can be difcharged 
only gradually ; that is, whilft its outfide 
furface is communicating its fuperfluous 
fluid to the contiguous air, the infide fur- 
face acquires the eledric fluid from the 
other end of the phial, which fluid pafling 
through the vacuum, caufes that flafhing, 

which 
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which 18 obferved for fo confiderable a 
time. If the phial is grafped with the 
hand^ its difcharge is accelerated^ hence the 
fla(hes within the phial appear more denfe 
and copious 1 yet it cannot be difcharged all 
at once by this operation, becaufe the hand 
cannot touch every part of the glafs at 
once. 

Exp ft It IMS NT IX. 
^be vifible ele&ric Atmpjpbere. 

GI fig. 2. Plate II. reprefents the re- 
ceiver with the plate of an air-pump. In 
the middle of the plate IF, a {hort rod ii 
fixed, having at its top a metal ball B nice- 
ly polilhed, whofe diameter is nearly two 
inches. From the top of the receiver, an- 
other rod A D with a like ball A proceeds, 
and is cemented air-tight in the neck C; 
the di (lance of the balls from one another 
being about four inches, or rather more. 
If, when the receiver is exhaufted of air, 
the ball A be cledtrificd pofitively, by 
touching the top D of the rod AD with 
the prime Condudtor or an excited glafs 
R tube. 
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tube, a lucid atmosphere appears about ir, 
which, although it cOnfifts of a feeble light^ 
* is yet verj^ confpicuouSt and very 'well de- 
fined ; at the fame time the ball B has hot 
the leaft light.'' This atbio^here does not 
exifl all round the ball A> but reathe$^ ^rom 
about the middle of it, to a fmalt di(f ance 
beyond that fide of its furface, which is 
.towards the oppofite ball B. If the rod 
with the ball A be eleftrifted negatively, 
then a lucid ataiofphere, like the above- 
defcribed, will appear upon the ball B» 
reaching from its middle to a fmall diilapce 
beyond that fide of it, that is towards the 
ball A ; at the fame tifnc ihe^ negatively clec-^ 
trifled ball A remains without any light. 

The Operator in this experiment, miifl: 
be careful not to ele<ftrify the ball* A too 
much, for then the eledtric fluid will pafs in 
a fpark from onp ball to the other, and the 
experiment will not have the delired effedl* 
A little pradice, however, will render the 
operation very eafy and familiar. 

For this an^ fimilar experiments I mufl: 

recommend to the ingenious the new patent 

5 air-pump. 
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alf«pliinp, lattljr iavfcntfcdby Mr. JIaas, and 
noWmade by Mr. H^^AI-er, in OreatMari* 
bdrougbStitse^i^ndon, who is the proprie- 
tor ^f the paltcot^ This machine, befides ^s 
CKliaufti«g'incoi»pa«b!y mote than any 
Mho- a»r-fitimp,iha8 feveral ether properticsi 
which render it die compkteft inflrument 
ef the kind. For a defcriptioo of this airU 
ptaipi fee the PfaiK Tranf. vol. LXXlIf . 

By; this «legact BxperioJcnt, which is of 
thc^dfibrated F. Bxccaria, we have att 
ocwlar; deifaoMlf^two of the tlwory of a 
fingle eleftric fluid i we fee that Eleayicity 
confifts of one uniform homogeneous flu- 
id,, aiwiinot twf, ^iz. the vitreous, and re^ 
ikK)as, as ibme have iiippofed; for if tb* 
po^ive and negative Eledricity were t*ro 
dift*o<3: fluids, attrasaive of one anodier, 
there ftiouki, in the above «xperii«ent, al-. 
ways, appear two ainiofpheres, I e. one 
atbout Ihe ball A, and another about th<» 
ball Bj for when the ball A is overchai^d 
with either fluid, it (hould fhew that fuper- 
fluous fluid on its furface, and this fluid 
fhould attrad towards the bsUi'A, an at- 
mofphere of the contrary fluid from the 
R a ball 
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ball B. But this» as weobfertred befor^^ 
is not the cafe s for the appearance of the 
lucid atmofphere is always t)n one baU^ 
namely, that which is. overcharged with 
the electric fluid ; thus, when the ball A is 
eledrified pofitively, the fuperfluous fluid 
is viiible on that pzft of it which is near- 
eft to the ball B, becaufe B> being in a con- 
trary ftate of Elcftricity, endeavours to at- 
tract it ; but, when the ball A is eledfcrified 
negatively, it will attraft the fluid proper 
to the ball B, which fluid on that account 
appears upon the furface of B, juf): in the 
a£t of leaping to the ball A. * 

, In order to reniove an*crror, that has 
been adopted by fevcral writers on Elec- 
tricity, it will be not amifs in this chapter 
to mention, that the ele<5tric light has all 
the prifmatic colours, as well as the light 
of the fun. This may be eafily expe- 
rienced by viewing an clcftric fpark through 
a glafs prifm *. 

* See Dr. Priestley's Hiftory of Eledlricity, part 
VIII. fee. Xill. n. XII. 

r CHAP. 
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C H A ?• VII. 

Experiments with the Ley den Phial. 

Experiment I. 

Of charging^ and difciarging a Fhial in, 
general. 

TA K E a coated jar, as DE, fig. 2, 
Plate It and place it upon the table 
near the prime Condudtor, fo that the knob 
of its wire, and that only» may be in con-- 
tadt with it : fix the quadrant eledrometer 
Ef fig« 2> upon the prime Condudor, and 
then turn the winch of the machine. You 
will obferye, that as the jar is charging, the 
index of the eledlrometer will rife gradual- 
ly as far as 90% or thereabouts; and then 
reft : when this happens, you may con- . 
elude, that the jar has received its full 
charge. If now you take a difcharging 
rod, and, holding it by the glafs handle, 
apply firft one of its knobs to the outfide 
coating of the jar, and then bring the other 
knob near the knob of the wire of the jar, 

R 3 or 
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or near the prime Condudor, that com* 
municates with it, you will hear a report, 
and fee very vivid fparks. between, the dif- 
charging rod and the condufting fubftan- 
ces, communicating with the fides of the 
jar. This operation difcharges the jar. 
If> inftead of ufing the dt£cbarging rod, 
you touch ftie outfide of the jar with 
dnc hand, and bring the other hand near^ 
the wire of the jar,- the fime fpark and re- 
port will follow, but now you will /epl a 
Ihock, which affcdts your wriils, elbowH, 
and, if ftrong, your bt-eaft alfo *.* .If a 
number of perfons join hands, and the firft 
of them touches the outfide of the jar, and 
the laft touches the wire communicating, 
with the infide, they will all feel the 
(hock, and precifely at the fame perceivable* 
time. This ihock bearing no refemblaujce. 
to any fenfation other wife felt, cannot con-, 
fequently be defcribed ; and in order that a 
pcrfon may form a juft idea of it, he mufl: 
abfolutely feel it. 

• If many perfons Uy hold of a metal plate 
that communicates with the outfide of a 

* A. (hock may be given to any fingle part of the 
body, if that part only be brought into the cirtnit. 

. * charged 
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charged jar, and all together do alfo hold a 
metal rod with which the difcharge is 
made, they will all feel the (hqck 5 which 
ihews that the difcharge has been made 
through feveral circuits at once. 

The reafon of the charging of the phial 
or jar in this experiment is, that when a 
f^perfluoufi quantity of ele^ric fluid is 
forced upon the infide furface of the glafs» 
it caufeth an equal quantity gf fluid, natu^ 
rally inherent in the glafs, to depart from 
the oppofite furface, in confcquence df the 
repulflon natural to the particles of the 
eledric fluid, which repuliion is exerted 
even through the glafs ; one fide therefore 
of the glafs remains overcharged, and the 
other undercharged ; as foon, therefore, as 
the. communication between the two fides 
of the jar is compleated, the fuperfluous 
fluid on one fide of the glafs flies violently 
to the other fide^ and the rapidity of its mo- 
tion occafions the fpark, the report, &c» 

If the coated jar be held by the wire 

communicating with its infide, and the 

outfide coaling be prcfcnted to the prime 

R 4 Condudlor, 
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Conduftor, it will be charged as readily as 
in the other method, but with this differs 
ence, that in this cafe the outfide will be 
pofitive, and the infide negative. 

We have fupppfed above, that the prime 
Conduftor was eledtrified pofitively ; but if 
the experiment be repeated when the Con- 
dudlor, by being conncdted with the rub- 
ber of the machine, is ele<ftrified negative- 
ly, the jar wipuld in the fame manner be 
charged ; except ^that in this cafe the fide 
that touches the prime Gondudor would 
be elcftrified negatively, and the oppofitc 
fide pofitively. 

EjfcPERIMENT II. 

STt? fliew that an infulated Jar cannot Be 
charged^ 

Set a coated jar upon an eleftric ftool^ 
connedt its wire, or its outfide coating with 
the prime Condudor, and turn the winch 
of the machine. You .will then obfcrve, 
that the index of the quadrant eleftromc- 
ter, placed upon the prime Condudtor, Iboa 

rifes 
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lifes to 90% fccmingly (hewing that the 
jar is charged. Then remove the eleftric 
ftool with the jar from the prime Conduc- 
tor, and either with a difcharging rod, or 
with your hands, endeavour to difchargc 
the jar, and you will find, that it is not 
charged ; for no remarkable fpark, no 
(hock, nor any other phenomenon of 
charged glafs, will appear* 

The reafon why in this experiment the 
infide of the jar could acquire no additional 
eleftric fluid, and therefore the jar, could 
acquire no charge, is becaufe the outfide 
could not at the fame time part with its 
own fluid, its communication with the 
earth being cut oflF by the eleflric flool. 
But repeat this experiment with only this 
variation, that, by means of a chain or. 
otherwife, the out^de of the jar'be made to 
communicate with the table, and you will 
then find, that the jar will be charged ; for 
in this cafe the fluid, naturally inherent in 
the outer furface of the jar, can readily be 
repelled through the chain^ &c. into the 
table. 

Striaiy 
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Stri(^ly fpcaking, the jar in this experi* 
ment will acquire a very flight charge^ 
l)ecaufe foroe of the elearic fluid bdqng- 
ing to its oiUiide will be imparted to the 
air^ &c^ 

If a jar be infulated, and one fide of it, 
inftead of being connefted with the earth, 
be connected with the infulated rubber, 
whilft the other fide communicates with 
the prime Condudlor, the jar will be alfo 
charged, and perhaps in a more expeditious 
manner ;. for whilft the rubber exhaufts one 
fide, the other fide is fupplied by the prime 
Condudlor. In this manner it is (hown, 
that the jar is charged with its own fluid, 
/, ^. the natural eleftric fluid of one of its 
fides is, by the adlion of the machine, 
thrown on the other fide^ 
I* 
Exp x» ime n t IIL 

7be preceding Experiment dtverjijted. 

To' make the above experiment in a 
ckarcr, and more fatisfaftory manner, 
place the jar upon the ftool as before, and 

with 
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with its wire uot la contadit but at about 
half aa iach diftance. from the prime Coa- 
dui^or ; hold the knob of another wire at 
fuch a diftance from the outfide coating of 
thejar^ a3 the knob of the jar Is from the 
prime eooduftor* then let the. winch of 
the machine be turned* a^d you will ob-^ 
fcrve, that whenever a fpark comes from 
the prime Conduftor to the wire of the 
jar, another fpark paffes from the outfide 
coating of the jar to the knob of the wire 
prefented towards it ; which ihews, that as 
a quantity of ek6):ric fluid is entering the 
infide of the jar^ an equal q^uantity of it is 
leaving the outfide. In this manner the 
ysu: becomes charged. . 

If inftead of the knobbed wire, a pointed 
one be prefented to. the outfltte of the jar^ 
it will appear illuminated with a ftar ; and 
if inftead of prefehtihg any wire to the jar, 
i, pointed wire be conneAed with its coat- 
ing, it will appear illuniinated with a bru(h 
of rays {u f. by throwing the eki^ric fluid 
into the air)/ which will laft as long as the 
j^t ii charging. 

If 
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If the knob of another jar be prefented 
to the outfide coating of the infulated jar 
in the above experiment, it will a1(b be 
charged ; for the fluid, going out of the out* 
fide coating of the firft jar, /. e. that (land- 
ing upon the ftool, will go in the infide of 
the other jar, and caufe the fluid, inherent 
to the outfide of that jar^ to depart from 
its place ♦• 

Experiment IV. 

Tojbew that the Charge of a Jar^ or Glaft 
in genet aly does not rejide in the Coating. 

Take a naked phial, and for a coating on 
the outfide fiick a piece of tin*foil, with a 
little tallow or bees-wax, fo that it can 
jufl adhere to* the glafs; and for an infide 

* It is eafy to underftand from this experiment, 
liow feveral phials may be connected together, fo that, 
they may be charged all at once, with nearly the 
fame trouble as one is charged. It muft, however, 
be obferved, that when feveral jars are fa connected,' 
that the infide of one communicates with the outfide 
of another, &c« they cannot be charged fo high, nor 
fo eafily, as otherwifei the difficulty incr<:afing nearly 
in proportion to the number of jars. 

coating 
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coating uie fmall leaden fboti or quick- 
filver; laftly, infcrt through its neck a 
knobbed wire communicating with the (hot 
or quickfilver.— ^This done, hold the phial 
thus coated »by its outiide coating, and 
charge it, by prefenting its knobbed wire to 
the prime Conductor. When it is charg- 
ed, turn it upfide down, and \tt its wire 
and quickiilver, or (hot, fall in a glafs re- 
ceiver ; then remove its outiide coating alio. 
In this operation the phial does not lofe its 
charge, and if you examine the quickiilver 
or (hot, you will find tHat it contains no 
more Electricity than any other like con- 
ducting infulated body, which has been i|i 
contadt with the prime Condudtor, would 
contain. Replace the outiide coating again 
upon the phial, pour the (hot or quick- 
iilver again into it, or any other conducing 
fubftance, then touch with one hand the 
outiide coating, and with the other, by ' 
introducing a finger or a wire, touch the 
infide non-dedric, and you will feel a 
(hock ; which will convince you, that the 
glafs has loft very little of its charge by the 
operation above mentioned. 

The 
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The fame experiment Jtnaj be more ooo* 
veniently made by.layiog a ptnc of glait 
upon a metel plate^ and coveriog an equal 
part of the upper furface with !tiii-faiU 
having a filk thread faftem^i to one of its 
iides, by which it may be ea% tskm ofii 
when the glafe is chaigcd, and as eafily rc-^ 
placed, when raqutrcd« 

« 

Experiment V. 

3*0 prove that the ekBrk Fluid does not expd 
the Jir ccKtahud ia a Fiail. 

Through a hole made in the cork that 
Itops a coated phial, introduce a fmall glais 
tube open at both ends, and of about one 
thirtieth part of an inch in diameter ; bend 
that part of the tube, that is Out of the 
phial, in an horizontal fituatioo, and with 
bees-wax faften the cork fo, that no air can 
get in or out of the phial, except it paffes 
through the glafs tube; ia%, put a linail 
drop of red wine, or ink. in the horizontal 
part of the tube, fo that it may be eafiiy 
moved through it, by the leaft rarefaflion 
or condenfationof the air within the phial. ' 

If 
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If this phial thus furniflied be charged, 
by conne<fting the prime Conduftor with 
its wire, the drop of liquor in the glafs 
tube will not be^Airi;^ frot^ its fituation i 
wfaich. flie^ th^at tbe? ^e<^ic fluid, itn- 
mitted into the-^hial, does not exclude zny 
of the air that the phial contains. If the 
phiiil ht difcharged, the drop of liquor in 
the tube wiU be often pufhed a little out of 
it$^ place, and afterwards return to its for-^ 
f^ner filiation ; which Ifaevrs, thiat on m^k^ 
mg the diifcharge, the air within the phiai 
Wa& a little dtfplaced, or rarefied. This^ 
faovrever, is to be imputed to fome fpati:, 
that gen;^rally hq)pens within the canty of 
thie phial, on account that the wine is not 
in pcried contaft with the infide coat<^ 

* Having repeated this experiment with a {mvXl 
phial, whofe charging* piece (as we may call it) was 
a production of the infide coating, (which was of one 
piece of tin-foil, fttrcfc to the glafs wkb bees-war, in 
CDCiiire<^ence of which no fpark could happen witktii 
the phial) I found that the drop of liquor in the glaft 
tube was not &Ute6^ either in charging or diichargin^ 
the phial. 

Experiment 



Digitized by VjOOQ IC 



2$6 -^Complete Trbatisb 



ExPERIMENt VL 

The Courfe of the eleSlric Fluid in the Dif* 
charge rendered njijible by the Star and 
PenciL ; \ 

When a jar, is charged, take a difthdrg- 
ing rod having its ends pointed, /. e. the 
difcharging rod rcprefented in fig. lo* 
Plate !• without its knobs, and keep it as 
rcprefented, fig, 1 1 • that is, in fuch a fitu- 
ation, that one of its points^C miay be at 
about one, inch diftance fron^ the knob A, 
and the other point B at an equal diftance 
from the outfide coating of the jar; by 
thefe means the jar wijl be difcharged 
filently i and if its infide be eleftrified po-. 
fitively, you will fee, that the point C of 
the difcharging rod is illuminated with a 
ftar, and the point B with a pencil ; be- 
caufe, in this cafe, the eleftric fluid, going 
from the infide to the outfide of the jar, , 
enters the point C, and iflues from -the 
point B. But if the jar is eledtrified nega- 
tively on the infide, and confequently pofi- 

tivc 
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tive on the outfide, then the pencil of rays 
will appear upon the point C, and the ftar 
tipon the point B ; for in this' cafe the elec- 
tric fluid pafles from the outfide to the In^ 
fide of the jar« 

N. B. This experimcrit, as well as any 
other, in which the cleftric light is to be 
obferved, requires to be made in the dark* 

Experiment VIL 

^he Courfe of the eMric Fluid in the Dif* 
charge Jhewn by the Flame of a fVax* 
taper. 

Remove the circular piece of wood E 
from the univetfal difcharger, reprefented 
fig. 5. Plate I. Fix the wires D B, DC, 
fo that their knobs D D may be about two 
inches diftant from one another i and upon 
the focket F fix a piece of wax-taper light- 
ed, fb that its flame may be jud in the 
middle, between the knobs D D. Having 
difpofed the apparatus in this manner, if 
you conned, by means of a chain or other- 
wife, the outfide of a charged jar with onQ 

S of 
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of the wires C^ and bring the knob of tkt 
jar to the other wire C, you will obferve^ 
that on making the difcharge, which moft 
pafs between the knobs D D, the flame of 
the wax- taper is always. driven in the di-^ 
tedion of the eled^ric fluid ; that is, it will 
be blown upon the knob of that wire, 
which communicates with that fide of thei 
jar which is negatively cle^rified^ 

In thid experiment^ the jar miuffc have an 
exceeding fmall charge, juft fufficient to 
pafs through the interval in the circuit 3 
^hich experience will prefently determine j 
ctherwife the experiment will not fuccced, 
or be perhaps rendered equivocal *• 

^ if it t>e aflced, Wby this cstperiment doei ttat fue- 
teed with a great explofion as well as with a very fmal) 
one ? the anfwer is^ that when ajar highly charged, 19 
brought near one of the wires of the univerfal dif- 
charger, it creates an atmofpbere about the knob of tho 
faid wire, which atmofphere difturbs the ftame of the 
wax-taper, before the a£luat difcharg^ : befides, the 
ele£lric fluid in a great explofion, by its elaftic nature^ 
paffes through the flame of the wax-taper too fwiftly 
to communicate to it any vifible motion ; in the fame 
manner as ^ bullet^ difcharged from a piftol agairift an 
open door^ makei a hole through the door wicfaoiic 
ihutting it« 

Experiment 
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Experiment VIIL 

^e Courfe tf the ekSiric Fluid in the Bif^ 
charge y rendered confpicMus by the Motion 
communicated to a Pith Ball. 

Send a card, length-^ways, over a round 
fuler, fo as to form a channel, 6x femicir- 
culargroove * : lay this card upon the fcii?cu- 
lar board E of the univerfal difchairger, re- 
prefented fig. 5. of Plate I. and in the 
middle of it put^ a pith-biaU of about half 
an inch diameter 1 then at equal dlttances, 
about half or three quarters of an inch frdml 
the pith-ball, lay the two brafs khobs D D. 
The card being perfedly dry, and rather 
hot, if you connedt, by means of a chain or 
dtherwife, the oiitfide of a charged jar with 
one of the wires G, and brihg the knob of 

* Inftead of the card, a piece of baked ivood may be 
cut in that fhape, and painted over with lamp-black 
and oil ; which will anfwer better than the card, it 
being much more fteady, and not fo liable to attract 
moifture« 

' S 2 the 
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the jar to the other wire C, you will ob- 
fcrve, that on making the difcharge, which 
muft pafs between the ^.nobs D D, and 
over the card, &c. the pith*ball is always 
driven in the dire(fiion of the eledtric fluid ; 
/. e. it is pufhed towarcis ttat knob whicli 
cdfnfaiunicates with the negative fide of (he 
jar. 

It mufl: be obferved, that in this experi* 
ment the charge of the jar muft bejuft fuf- 
ficient to pafs through the interval in the 
circuit ; the card, or piece of baked wood, 
muft be very dry and clean ; and, in fhort^ 
the difpofition of the apparatus, and the 
performance oif this curious experiment, 
require a degree of nicety that can only be 
obtained by pradlice. Without great pre- 
caution, it ibmetimes fails ; but when the 
operator has once got it to fucceed, and fol- 
lows exadlly the fame method of operating,, 
he may be fure that th^jevent of ^the experi- 
ment will be CQtnftantly as above 1iefcribed4 



Experiment 
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Experiment IX. 
T^he Leyden Vacuum. 

Fig^ 8 and 9. of Plate I. reprefent a fmall 
phial coated on the outfide about three 
inches up the fides with tin-foil ; at the 
top of the neck of this phia]^ a brafs cap is 
cemented^ having a hole with a valve^ and 
from the cap a wire proceeds a few inches 
within the phial, terminating in a blunt 
point. When this phial is exhaufted of air, 
a brafs ball is fcrewed upon the brafs cap, 
fo as to defend the valve, and prevent any air 
from getting into the exhaufted glafs *• This 
phial exhibits clearly the djreiftion of the 
eledtric fluid, both in charging and difcharg-^ 
ing ; for if it be held by its bottom, and its 
trafs knob be prefented to the prime Conduc- j 
pr pofitiyely eleftrified, yoi^ will fed that th^ 

* The infidc of this pbial requires no coating, bcr 
^aufe, as the ele£lric fluid pervades vacuum, it can paf^ 
freely from the wire to the furface of the exhaufted 
gl^fsi vf ithoup the help of a nqn-eledric coating. 

S % deftric 
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cleftric fluid caufeth the pencil of rays to 
proceed from the wire within the phial, as 
reprefentcd fig, 9. and if it is difcharged, ^ 
flar will appear in the place of the pencil^ 
as reprefentcd ii; %• 8. But if the phia^ 
is held foy the hrafs cap, and its bottom be 
touched with the prime Conductor, then 
the point of the wire, on its infide, will ap^ 
pear illuminated with a ftar when charging, 
and with a pencil when difcharging. If it 
be prefented to a prime Conductor ele^ri- 
fied negatively, all thefe appearances, botl^ 
in charging and difcharging, wil| be re«* 
verfcd. 

This expcrjiroeat of the Leyden Vacuum^, 
together with the two preceding ones, 
namely the feventh and eighth of thi? 
chapter, are inventions of Mr, Henly^ 
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Digitized by VjOOQ IC 



4n E t E C T R I C I T V, 86 J 



Experiment X. 

^0 pierce a Card^ and other Subjlances, wit A 
the eUEiric Explofion^ 

Take a card, a quire of paper, or the 
cover of a book, and keep it clofe to the 
outfide coating of a charged jar % put dna 
knob of the discharging rod upon the card, 
quire of paper &p. fo that between the 
knob and coating of the jar, the thickneis 
of that card^ or quire of paper, only is in-* 
terpofed j laftlyi by bringing the other 
knob of the difcharging rod near the knob 
q{ the jar, make the difcharge; and the 
dcfiStric ijnatter rufhing through the circuity 
from the pofitive to the negative furface of 
(the jar, will pierce i hole (or perhaps feve-;* 
ral) quite through the card, or quire of 
paper ^. This hole has a bur rajifed on 

^ The hole, or holes, are larger or fmaller, according 
as the card, &c« is more damp or more dry. It is re* 
markable, that if the noftrils are prefented to it, they 
will be affe£led with a fulphureous, or ruther a phof- 
phoreal fmell, juft like that produced by an excited 

S 4 each 
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each iide» except the card^ &c. be prefTed 
hard between the difcharging rod and the 
jar; which (hews that the hole is not made 
in the diredtion qf the parage of the fluid^ 
but in every direction from the center of 
the refilling body. 

If this experiment be made with two 
cards inftead of one, which however muft 
be kept very litde diftant from one ano-- 
iher *, each of the cards^ after the explo«* 
$on, will he found pierced with one or 
iQore holes^ and each 'hole wiU h^ve burs 
on both furf^ces of each card« 

If, inftead of paper, a very thin plate of 
glafs, roiin, fealing-wax, or the like, be in* 
terpofed betwec;n the knob of the difcharg- 
ing rod, and the outfide coating of the jar, 
on making the difcharge, thi? will b^ 
brokcij \xx fevcral pieces^ 

Small infedls rnay alfo be killed in this 
manner ; they may be held between the 

* This may be cafily cffc6lcd by bending one of the 
ipards a liulc. 

^utiide 
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outfide coatingof the jar, and the knob of the 
dlfchargingrod, like the above-mentioned 
pard ; and a ihock of a common phial fent 
through them, will inftantly deprive them 
of life, if they are pretty fmall; but if 
larger, they will be afFedted in fuch a man^ 
ner, as to appear quite dead on firft re- 
ceiving the ftroke, but will, after fomc 
time, recover : this, however, depends oa 
the quantity of the charge fent through 
them* 

^If a (hock is fent through a Iprnp of 
white fugar, ftrong enough to break the 
fugar, the fliock will illuminate every piece 
of it, fo as to afford a beautiful experi- 
ment* in the dark.-— The fugar will give 
light for about a minute afterwards^ 

EXPERIMENT XL 

7'ojhew the. EffeSi of the Shock fent over tht 
Surface of a Card or other Subftances. 

Put the extremities of two wires upon 
the furface of a card, or other body of an 
cleftric nature, fo that they may be in 

one 
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one direi^iont and about one inch difi^ 
tance from one another \ then^ bj conned^ 
ing one of the wires with fhe outfide of s^ 
charged jar» and the other wire with the 
knob of the jar, the (hock will be made to 
pafs over the card or other body. 

If the card be made very dry^ the lucid 
Irack between the wires will be vifible upon 
the card for a coniiderable time after the 
explofion. If a piece of common writing* 
paper be ufcd inftead of the card, it will be 
torn by the cxplo|ioa inta very fmall 

Ify inflead of the card» the explofion is 
fent over the furface of a piece of glafe, 
this will be marke4 with an indelible track, 
which generally reaches from the extre- 
mity of one of the wires to the extremity 
of the other. In this manner the piece of 
glafs is very feldom broken by the explo- 
fion* But Mr* He|JLY has difcovered a 
very remarkable pethod to increafe the 
effect of the explofion upon the gtofs ; 
which is by preffing with weights that part 
of the glafs, which lies bclwccq the two 

wires, 
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wires, (1. e. that part, over which the 
^ock is to pafs)» He puts |irft a thic^ 
piece of ivory upon the glafs^ and places 
upon that ivory a weight at pleafure, 
from one quarter of an ounce to fix 
pounds : The glafs in this maiiner is gcner 
rally broken by the explofion into innu- 
merable fragments, and fome of it is abfb^ 
Jutely reduced into an impalpable powder* 
If the glafs is very thick, and refifts the 
force of the explofion^ fo as not to be 
broken by it, it will be found marked with 
the moft lively prifinatie colours, which 
are ocpafioned by very thin laminae of the 
glafs, in part feparated from it by the 
iihock* The weight laid upon the glafs 
is always fhoolj: by the explofion, and fpmer 
times it is thrown quite off from the 
ivory *. This e?fperiment may be moft 
conveniently made with the uniyerfal dif- 
pharger. Fig, 5. of Plate I. 

* If fmall reprefentations of houfes, 2f:c. be laid 
ppon a board, placed on the piece of ivory ; that» be- 
ing fhook by the explofionj, will give a very natural 
|dea of an e<^tb(|uake. 

£XP£RIM£NT 
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Experiment XII. 

%o Jhew the DireSiton of the ekBric Fluid^in 
the Difcbargey hy caufing the Shock to ga 
over the Surface of a Card^ 

DIfpofe the apparatus in the manner de-r 
icribed in the preceding <?xperiment, but 
with this difference, that inftead of laying 
the extremities of both wires upon the 
f^me fide of the card, one of them be 
placpd under the card ; then fend a (hock 
through the f^id wires, as in the preceding 
jcxperiment, and you will pbferve, that the 
eledlric fluid wilj run ovier that fuiface of 
the card, upon which lies the extremity of 
that wire, which \% connected with the po- 
fitive fide of the jar; and in order to pafs^ 
to ^he extremity of tlie other wire, it will 
break a hole through the card juft over the 
extremity of that wire, which is connedteci 
\vith the negative fide of the jar. 

This eijccellfnt experiment, which (how? 
the diredion of the eledric fluid in the dif^ 
charge of a jar, is a difcoyery of Mr. LuLr 
LiNi of Geneya. 
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N. B. With very large jars, this experi- 
ment has been obfcrved to pierce feveral 
holes, and in fuch nianner as to render the 
lefult not fatisfadtory. 



EiPERIMENT XIII. 

Ito fvoell the Clay^ and break fmall Tiuba 
' with the eleSlric Explofion. 

Roll up a piece of foft tobacco-^pipe clay 
in a fraali cylinder CD, fig. 4. Plate IL 
and infert in it two wires A, B^ fo that their 
ends within the clay may be about a fifth 
part of. an inch from one another. If a 
(hock be^ fent through ^is clay, by con- 
necting one of the wires, A or B, with the 
outfide of a charged jar, and the other with 
the infide, it will be inflated by the fhock, 
/. e. by the fpark, that happens between the 
two wires, and after the explofion will ap- 
pear as reprefented fig. 5, If the fliock 
lent through it is too Arong, and the clay 
not very moift, it will be broken by the ex- 
plolion, and its fragments fcattered in every 
dirveAion. 

To 



I 
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To make this experiment with a Httid 
Variatioh, take a piece of the tube of a to- 
bacco*pipe» about ohe inch long, and fill 
its bore with moift clay, then infcrt in it 
two wircs^ as in the above rolled clay, and 
fend a (hock through it. This tube will 
not fail to buf ft by the force of the cxplo- 
fion^ aind its fragments will be fcattered 
about to a great diftance^ 

If, inftcad of clay, the above-mentioned 
tube of the tobacco-pipe, or a glafs tube^ 
(which will anfwer as well) be filled with 
any other fubftahcfei either eledlric or non- 
elefttici iiifetior to metal, on making tb^ 
difcharge, it will be broken in pieces with 
nearly the fame force. 

This experiment is the invention of Mr. 
Lane, F. R. S«' 

> ExtEllIMENT XIV. 

To Jhow the Courfe of the ekSlric Fluid by 
the Jpontaneous Difcharge. 

Take a coated phial of a fmall fize, and 
if the naked part of it, /. e. from its out- 
fide 
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fide coating to the cork, k very dry^ 
breathe upon it once or twice, fo as to reri* 
dcr it ilightly damp i then holding the 
phial by its outiide coating, prefent its 
knob to the prime Condudlor, while thd 
inachine is in adtion^ and you will fee, that 
after the phial has received a fmall charge^ 
a beautiful brufh of rays will proceed from 
the cork, which, after going a little way 
into the air, turns its cburfe towards the 
butfide coating of the phial. If the phial^ 
inftead of the prime Condudlor, be pre- 
fented to the infulated rubber, then the 
brufli, inftead of proceeding from the cork^ 
tvill iffue from the outfide coatings and di-^ 
reft its courfe towards the cork or wire of 
the phial ; (howing beyond a doubt the 
truth of the hypothefis of a fingle eleftric 
fluid. 

This experiment^ which is of Mr. Hen- 
LY, requires a nicety of operation, with- 
out which it will not fucceed as above de*- 
fcribed. The quantity of moifturc upon 
the phial ; and the quantity of Eleftricity 
communicated by the machine, muft be of 
7 a degree. 
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a degree, which nothing bat pradice cari 
determine; 

Experiment XV. 

^0 make the ekSlric Spark 'oifibk in Water i 

Fill a glafs tube, of about half an inch 
diameter, and fix inches long, with water, 
and to each extrettiity of the tube adapt 
a cork, which may confine the water i 
through each cork infert a blunt wire, fb 
that the extremities of the wires within the 
tube may be very near one another ; laftly* 
^'onneiSt one of thefe wires with the coating 
of a fmall charged phial, and touch the 
other wire with the knob of it ; by which 
means the fhock will pafs through the 
wires, and caufe a vivid Ipark to appear be- 
tween their extremities within -the tube. 
In performing this experiment care muft 
be taken, that the , charge be exceedingly 
weak, otherwife the tube will burft* 

C, fig. 14. Plate 11. reprefents a com- 
mon drink ing-glafs almoft full of water* 
A B are two knobbed wires fo bent, that 

their 
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their knobs may be within a little diftance 
of one another in the water. If one of 
thefe wires be connedle^i with the outfide 
coating of a pretty large jar, and the other 
wire be touched with the knob of it j the 
explofion which mtift pafs through the 
water from the knob of one of the wires 
to that of the other> will difperfe the 
water, and break the glafs with a furprifing 
violence. This experiment is very danger- 
ous if not conduced with great caution. 

F. Beccaria conftrufted a fmall mor*- 
tar, into which a drop of water was put, 
between the extremities of two wires 
which went through the fides of the mor- 
tar, and a wooden ball was applied over the 
drop of water; then a charged jar being 

-difcharged through the wires of the mor- 
tar, and confequently through the drop ^ 

. \yater, rarefied the latter, and drove the ball 
out with confiderable fprce, Mr. Lul- 

• LiN produced a greater effedl by making, 
the difcharge through oil inftcad of water* 
Dijfertatio Pbyfica, p. 26. 

* .' 

T • Exps- 
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Experiment XVI. 

To prove that the eleilric Spark dtfplaces 
and rarejie% the ^Air^ 

Fig* 3. Plate 11. rcprefents an ioftru- 
ment, which the inventor, Mr. Kinner- 
SLEY, calls the eleSlrkal Air Thermomefery 
it being very ufcful to obfervc the efFeds of 
the eledlric explofion upon air^ The body 
of this thermometer confifts of a glafs 
tube A B, about ten inches long, and nearly 
two inches diameter, and clofed air-tight 
at both ends by two brafs caps.. Through 
a hole in the upper cap, a fmall tube HA,. 
open at both ends, is introduced in Tome 
water at the bottom B of the large tube 
Through the middle of each of the brafe 
caps, a wire FG, EI is introduced, having 
a brafs knob within the glafs tube, and by 
Aiding through the cape,, they may be fet 
at any diftance from one another. This 
inftrument is, by a brafs ring C, fattened 
to the pillar of the wooden ftand CD, that 
fuppgrts it^ When the air within the 

tube 
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tube AB 16 rarefied, it will prefs. upon the 
water at the bottom of the tube, which 
will confequently rife in the cavity of the 
fmall tube ; and a§ this water rifes higher or 
lower, fo it ftiows the greater or lefs rare- 
fadlon of the a^r within the tube A B, 
which has no conjimunication with the ex- 
teroal air. 

If the water, when this inftrument is to 
be Ujfed, is all at the bottom of the large 
tube, (/# e. none pf it is in the cavity of the 
fmall tube) it vi^ill be proper to blow with 
tjbe mouth into the fmall tube, and thus 
caufc the water to rife a little in it; 
where, for better regulation, a mark may 
be fixed. 

Bxing the knobs G I of the wires I E, 
FG into contad with one another^ thea 
conneft die ring E, or F with one fide o£ 
a charged jar, and the other ring with the 
other fide; by which operation a (hock will 
be made to pafs through the wir^s F G, 
I E, /. e. between the knobs E I. In 
this CAfe you will obferve, that the water 
in the fmall tube k not at all amoved from 
T 2 the 
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the mark ; which (hows, that the paffagc 
of the eledric fluid through Condudlors 
fufficiently large, occalions no rarefaction, 
nor difplaces the air about them. 

Put the knobs G, I a little diftant from 
one another, and fend a (hock through 
them as before, and you will fee that the 
(park between the two knobs, not only dif- 
places, but rarefies confiderably the air; 
for the watfer will be fuddenly pu(hed al- 
moft to the top of the fniall tube, and im- 
mediately it will fub(ide a little, as for 
inftance as far as H ; which is occafioned 
by the fudden difplacing and replacing of 
the air about the place, where the fpark 
appeared within the tube A B. After that 
the water has fubfided fuddenly from the 
firft rifing, it will then gradually and (low- 
ly come down to the mark at which it 
Hood before the explofion; which is the 
cfFefl: of the air that was rarefied, and 
which gradually returns to its former tern- 
perature4 

If this experiment be made in a room, 
where the degree of heat is variable, then 

proper 



Digitized by VjOOQ IC 



ca Elect RiciTY, 477 

proper allowance muft be made for this 
circumftance, in eftimating the event of the 
experiment ; for the eleftrical air thermo^ 
meter is afFedted by heat, or cold in gene- 
ral, as well as by that caufed by an ele<3:ric 
fpark* . 

Experiment XVII. 
T^o fire Gun-powder. 

Make a fmall cartridge of paper, and fill 
it with gun-powder, or elfe fill the tube 
of a quill with it 5 infert two wires, one 
at each extremity, fo that their ends with- 
in the quill, or cartridge, may be about 
one fifth of an • inch from one another ; 
this done, fend the charge of a phial 
through the wires, and the fpark between 
their extremities, that are within the car- 
tridge, or quill, will fet fire to the gun- 
powder. If the gun-powder be mixed 
with fteel filings, it will take fire more 
readily, and with a very fmall fhock. 



EXPE* 
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Experiment XVIIL 
^0 light a Candle by the Dif charge of a Jar. 

Take a wire of the fize of a comraon 
knitting-^needle, and by means of a fmall 
flexible wire or a chain, let one end of it 
communicate with the outfide of a jar, 
that at leaft contains about ten inches of 
coated furface. To the other end of the 
thick wire fome cotton muft be twifted, 
but very loofely, fo as to form a head 
round, and to conceal the extremity of the 
wire entirely. This head of cotton muft 
be rolled in powder of lycopodium, or, 
which infwers better, in powder of ro-r 
fin I by which means a good deal of the 
powder will ftick to the cotton : — this 
done, the jar is charged, and then thehea4 
of cotton, &c. is brought towards ^its 
knpb rather quickly, fo as to caufe the 
jar to difcharge through the cotton, by 
which means the cotton will be inftantly 
fet on fire, and will laft long enough to 
light a candle thereby. — This is a very 
pleafing experiment, contrived byDr. In- 

GENHOUSZt 

Expt- 



Digitized by VjOOQIC 



§n Electricity. 279 

Experiment XIX. 

I'ojirike Metals into Glafs. 

Take two flips of common window- 
glafs about three inches long, and half an 
inch wide ; put a fmall flip of gold, filver, 
or brafs leaf, between them, and tie them 
together, or elfe prefs them together be- 
tween the boards of the prefs H, belong- 
ing to the univerfal difcharger, fig. 5. 
Plate L leaving a little of the metallic leaf 
out between the glafles at each end ; then 
fend a fliock through this metallic leaf^ 
and the force of the explofion will drive 
part of the metal into fo clofe a contaft 
with the glafs, that it cannot.be wiped off, 
or even be affefted by the common men*^ 
ftrua, which otherwife would diflblve it. 

In this experiment the glafles are often 
(battered to pieces ; but whether they are 
broken or not, the indelible metallic tinge 
will always be found in feveral places, and 
fometimes through the whole length of 
both glaflfes^ 

T 4 EjcPERi- 
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Experiment XX. 
7(7 Jlain the 'Paper y or Glqfs. 

LiZy a chain, which forms a part of the 
circuit between the two fides of a charged 
jar, upon a (heet of white paper, and if 
a (hock be fent through it, the paper will 
be found ftained with a blackifh tinge at 
every jundure of the links. If th6 charge 
be very large, the paper, inftead of being 
Gained with fpots, is burnt through. If 
the chain be laid upon a pane of glafs, in- 
ilead of paper, the glafs will often be found 
ftained with fp6ts in feveral places, but (as 
might be expedled) not fo deep as the 
paper. 

If this experiment be made in the dark, 
a fj)ark will be fecn at every juncture of the 
links, from which place a kind of radiation 
^Ifo proceeds; and if the links are fmall, 
jind the fliock pretty ftrong, the chain will 
appear illuminated like a line of fire ; which 
(hows that the eledric fluid meets with 
fome refiftance in pafling from one link pf 
\\it chain tQ another. 
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Experiment XXL 
^ife lateral Explqfion. 

If a jar be difcharged with a difcharging 
rod that has no eled:ric handle, the hand 
that hc^lds . it, in making the difcharge, 
feels fome kind of (hock, efpecially when 
the charge is confiderable.-r — In other 
words ; A perfon, or any condudting fub- 
ftance, that is connjedled with one fide of a 
jar, but forms no part of the circuit, will 
feel a kind of (hock, /. e. fome effed of the 
difcharge. This may be rendered vifiblc 
in the following manner. ConneS with 
the outfide of a charged jar a piece of 
chain ; then difcharge the^ jar through 
another circuit, as for inftance, with a dif- 
charging rod in the cemmon way, and the 
chain that communicates with the outfide 
of the jar, and which makes no part of the 
circuit, will appear lucid in the dark, /. e. 
fparks will appear between the links; 
which {hews that the eledlric fluid natural 
%Q that chain, mufl by fome means have 

been 
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been difturbed. This chain will alfo ap- 
pear luminous, if it is not in contadl with 
the outfide of the jar, but only very neayp 
it ; and on making the difcharge, a fpark 
will be ittvi between the jar and the end of 
the chain near it. This eledlrical appear- 
ance out of the circuit of a difchargin^ jar, 
is that which we call the lateral Explofion : 
and to make it appear it the moft confpi- 
cuous manner, obferve the following me-^ 
thod, which is of Dr. Priestley^ 

When a jar is charged, and ftands upon 
the table as ufual, infulate a thick metallic 
rod, and place it fo that one of its ends may 
be cotitiguous to the outfide coating of th& 
jar ; and within about half an inch of iu 
other end, place a body of about fix or feven 
feet in length, and a few inches in breadth; 
then put a chain upon the table, fo that one 
of its ends may be about one inch and a 
half diftant from the coating of the jar j to 
the other end of the chain apply one knob 
of the difcharging rod, and bring the other 
knob to the wire of the jar in order to make 
the explofion. On making the difcharge 
in this manner, .a ftrong fpark will be feen 

between 
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between the infulated rod, which commu- 
nicates with the Coating of the jar, and the 
body near its extremity, which fpark does 
not alter the ftate of that body in refpeft to 
Electricity ; hence it is imagined, that this 
lateral fpark flies from the coating of the 
jar, and returns to it at the fame inftanft 
allowing no perceptible /pace of time, in 
which an eledrometer can be afFefted. 
Whether this lateral explofion is received 
on flat and fmooth furfaces, or upon (harp 
points, the fpark is always equally long^ 
»nd vivid. 

The caufe of this phenomenon feems to 
l)fe the interruption in the circuit, made by 
introducing bad Conduftors into it ; for, 
as this interruption is greater or lefs, fo 
the lateral explofion is more or lefs con- 
fiderable. 



CHAP. 
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CHAP. VIII. 

Experiments with other charged EleSirics. 

THAT the experiments made with 
other charged eledrics arc fimilar 
to thofe made with charged glafs, is very 
evident; fince it has been obferved above j 
in the Eirft Part, and alfo in the experi- 
ments already defcribed, that the property 
of being charged, of exploding, &c. is not 
inherent in glafs, as glafs, but, as being 
impervious to the eledric fluid ; and in 
confequence^ it mufl be common to all 
fuch fubflances, which, like glafs, are im- 
pervious to that fluid : therefore, under 
the title of experiments with other elec- 
trics, I mean to defcribe experiments, not 
of a different nature from the above-men- 
tioned, but only the manner of coating 
and ufing other eledrics, which are not 
fo manageable as glafs, but at the fame 
time, have fome peculiar advantages* 
Thefe methods I (hall reduce to three, /. e. 
.firfl:, that of making the experiment of 

charging 
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charging a plate of air j fecondly, the me- 
thod of coating reifinous fubftances 5 and 
laftly, a method' of trying other ekftrics^ 
that are -in a fluid ftate. 

Experiment I. 

T!o charge a Plate of Air. 

Take two fmooth circular boards, quite 
plain, and each about three or four feet 
in diameter y coat one fide of each with 
tin-foil, which (hould be gafted down, 
burniflicd, and turned over the edge of the 
board. Thefe boards muft be both infu- 
lated, parallel to one another, in an hori- 
zontal pofition 5 they mufl be turned with 
their coated fides towards each other, and 
ihould be placed ia fuch a manner as to be 
eafily removed to or from each other i to 
do which, it will be proper to fix to one 
of the boards a ftrong fupporter, of glafs 
or baked wood, and to fufpend the other 
l)y filk firings from the cieling of the 
room 5 from which, by a proper pulley, it 
may be lowered or raifed, fo as to be at any 
required difl:ance from the lower board, 
which may be placed up6n a table^ 

When 
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When diefc boards are placed in the 
banner above defcribed, and at about one 
inch diftance from one another, they may 
be ufed exaftly as the two coatings of a 
pane of glafs. If one of the boards is con- 
nefted with the. cle<9brijfcd prime Conduc- 
tor, and the other be left infulated, they 
will receive no charge, agreeable to the fe- 
cond experiment of the preceding chapter; 
and if after fome time you touch them, you 
will receive only a fpark from the upper 
board, in confequence of its being con- 
ned:ed with the eledlrified prime Conduce 
tor. If, whilj[l one of the boards is receive 
ing Ele6tricity, the other communicates 
with th? earth, then the plate of air be- 
tween them will be charged, like a coated 
plate of glafs; for that board which com- 
municates with the ea^th will acquire an 
Eleftricity contrary to that of the other 
board ; and if you touch them^ /. e. make a 
communication between them, they will 
explode, give the fhock, &c. iimilar to a 
charged jar* 

In jthis experiment it cannot be expefted, 

that fuch an explofion, and with fuch a 

lo force. 
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force, will be produced, as by an equal fur- 
face of coated glafs ; for here the coatlogs 
cannot be brought fo near one another as to 
render them capable of a high chaise, be- 
caufe the plate of aif> being much Icis com- 
pa<a than glafs, may be eafily broken by the 
force of the charge, /. >. it may eafily dif- 
charge- itfelf. Notwithftanding, however^ 
tbat a plate of air is not capable of receiv- 
ing a very high charge, yet this experiment 
has a great advantage, which is, that here 
we may fee what paffes between the two 
coatings^ either in charging or difchai^ing 
die plate of air j and we may introduce fe- 
deral thidgs into the fubflance of tbia 
coated dcdric, which produce fcveral re* 
markable appearances. By diis experi« 
ment the true ftate of the earth, when 
covered by eledrified clouds, may be ic- 
prefonted exceedingly well ; and feveral 
meteors, that happen in that ftate, and 
which are thought to be ciFcds of Elec- 
tricity, may be imitated; fuch as water- 
j^KniCs and whirlwinds,^ beiides the well- 
koown elc<flrical phenomena, thunder and 
lightning. 



In 
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In order to reprefent a water-fpout, as it 
is often obferved at fea, place the twa 
boards at about two inches diftance from 
one another ; put a large drop of water 
about the middle of the lowed of them, 
and fix a metallic ball, or any other piece of 
metal that is fomewhat fpherical *, to the 
upper board, juft oppofite to, and at about 
half an inch diftance from the furface of 
the water. If in this fituation the upper board 
be eled:rified, whilft the lower communi- 
cates with the earth, the water, which re- 
prefents the fea, will be attraded by the 
metallic ball, which reprefents a cloud, 
and rifing nearly in a cpnical body^ will af- 
ford a pretty good reprcfcntation of the 
water-fpout "j-. 

The 

♦ The metallic covering of fomc kind of coat-buttonfs 
anfwers. exceedingly well, and may be pafled on the 
tin-foil coating of the board* 

t The knob of a charged bottle, being brought near 
the water in a metal plate, or common earthen-ware 
faucer, fhews this experiment in a fimple and beauti- 
ful manner. If a large drop of water be placed upon 
the It^nob of an infulated charged bottle, and the knob 
of another bottle, <;harged with the contrary Ele£lri- 
city, be brought near the drop of water, it wilPbe 

fquirted 
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The appearance of a whirlwind is but 
feldom, and by chance to be obferved. 
The bran between the two plates, F, P, fig; 
2. Plate I, is fometimes whirled like the 
duft in a whirlwind ; but there is no certain 
rule, that I know, for producing this 
phenomenon » 

In order to fucceed in this experiment, 
Mr* Becket dired:s to place the boards 
above mentioned about four or five inches 
afunder, and to put fome bran, and very 
fmall bits of paper, about the center of thfe 
lower board. If in this fituation the up^ 
per board be connedled with the ele(^rified 
prime Conduiftor, and the lower be eithet 
connefted with the ground or with the 
rubber of the machine, the bran, and bits 
of paper, will be attrafted and repelled, 
alternately, by the boards. ** But (fays 
" Mr. Becket *) the moft furprifing ap- 
•* pearance in this experiment, and what 
•^ gives ■' it the moft exac^ refemblance of a 

fquirted away in a curious manner, particularly if the 
costing of the infulatcd bottle be touched at the fame 
time. 

* In his EiTay on £le£lricity, p. 141. 

U " whirls 
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*^ whirlwind^ is that fometimes, when the 
5' EleAricity is very ftrong> a quaatity of 
'^ the paper and bran will accumulate in 
f* one place, forming a kind of columa 
'^ between the boards, and fuddenly ac*- 
f^ quire a fwifc horizontal motion, moving 
like a whirling pillar to the edge of the 
boards, and from thence fly off, and be 
^ icattered about the room to a confider- 
'* able diftancc. I own i am entirely at a 
f^ lofs to account for this extraordinary app 
^< pearance-«-I call it extraordinary, be* 
<^ caufe it but fieldom occurS| and ieems to 
^^ depend either on a certain d^ree of at* 
<« traftion, quantity of the bran^ or dif* 
^^ tance between the boards ; and I could 
<^ feldom get it to f\icceed perleftly but by 
*♦ accidept." 

The phenomena of thunder and light- 
ning are exhibited at the fame time by a 
fpontaneou$ difcharge of the plate of air ; 
which may be eaiily produced by fetting 
the boards at about an inch diftance from 
each other, and clcdlrilying them ftrongly* 



Experiment 
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I 

fe X t fi il I M JE N t II. 

To coat refinous Eie&rics. 

The beft mediod to coat fuch eledrics as 
toiiQ^ fealing^wax, &c. that can eafily be 
tnelted^ is firft to put a circular piece of 
tin-foil, about two inches lefs in diameter 
than the plate you intend to make, upon a 
marble tables theo> to pour over it the ^ 
eledric jbft melted. This may be fpread 
and flattened by preiling it with a pane 
of glafs, or any thing that is even and 
finooth; afterwards^ another piece of tin-> 
foiU equal to the former^ 1$ to be ftuok 
upon the ele<9:ric, which may be done by 
prefHng it gently with a hot irdfti and 
then the plate> which may be eafily fepa-^ 
t-ated from the marble table, will be fit fof 
tefe. 

Experiment IIL 
^^ - To injulate fluid Ek^rki. 

Take a large earthen di{h, flat at the 

bottom^ and flick within it a piece of tin« 

U a foU 
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foil about an inch fhorter than the flat 
part of the di(h all around, and through a 
fmall hdle, made in the bottom of the 
diih, introduce a flender >yire, which muft 
commufiicate with the. tin-foil ; then pour 
into the difti fome melted tallow, or other 
cled:ric fubftanccs that you dcfire to try; 
laftly, let a round brafs plate*, equal to 
the tin-foil ftuck in the difh, and either 
proceeding from a glafs arm or from the 
prime Conduftor, juft touch the furface df 
the ele Aric in the di{h, .and let it ftand pa- 
rallel, and oppofite to the tin-foil ftuck in 
its bottom. In this manner the plate of 
liquid eleftric is coated, and may be eafily 
fubjedled to experiments. 

Plates df other confiftent elecftrics, that 
cannot eafijy be melted, may be coated in 
the fame miAOPer as a plate of glafs ; and 
fome of thern will be found to anfwer as 
well, if not better than glafs« 

♦ The brafs plate F, fig. 2. of Plate !• may be? very 
ufeful for this purpofe. 



CHAP. 
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^ C tt A P. IX. 

Experiments on the Influence of FointSy and 
the Vfefulnefs of pointed metallic Conduc* 

' torsy to defend Buildings from the EjfeSls 
tf Lightning. 

MY reader, in the eourfe of thjs work, 
muft have obfcrved in fevewl of the 
experiments already defcribed, the remark- 
able property that points have, both of 
throwing off and receiving ^Z?;//^ the elec- 
tric fluid; but in this chapter I {hall de- 
fcribe fome more curious experiments of 
this kind, by which the influence of 
points, in refped: to Eledricity, may ]bc 
better underfl:ood, and which may, in a 
more particular manner, demonftrate the 
utility of metallic Condudors to houfes, 
or piles of building, in order to preferve 
them from the damage often occafioned 
by, a ftroke of lightning ; which is one of 
the greatefl benefits th^t mankind has re« 
peived from the fcience of Eledricity* 

U ^ • Experiment 
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'EjCPEIt JMkNT I. 

Ji dtfibargc a ^ar JiUntlp 

When a large jar is fully phargcjsJ, which 
would give a tcrribje (hock, put on^ of 
your hands in contact with its putfide cpatr 
ing; with the other hold « ih^irp-pQinted 
Dc^dle, an4 keefHng the poijtf direj^od to- 
wards the knob of the jar» proceet gra? 
dually qear it, until the point of the needle 
touches the knob. This operation jdif? 
charges the jar entirely, and you wil]l citber 
receive no (hock at all, or (o fmall a g«iq aa 
c^n hardly be perceived^ The point of 
tlyc needle, therefore^ has (ilently and 
gradually drawn all the fuperfluous flai4 
i(sm th^ iiifide fur^afo ^of the eled:ric 
jar^ 

J>rawing tie EkShicityfrm tbefrime Cofi^ 
du&or by a Point. 

Let a perfon hold the knob of a braf^ 
rod. at fuch a diflance from the prim^ 

Condudtor^ 
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Conduftor, that fparks may eafily fly from 
the latter to the former, when the ma^ 
chine is in motion. Then let the winch 
be turned, and, while the fparks are fol- 
lowing one another, prefent the (harp 
point of a needle, at nearly twice thd dif- 
fance from the prirtie Conduftor that ihi 
-Knobbed rod is held; and you will ob^ 
iferve that no more fpatks will go to thft 
Yod j-i-removc the needle entirely, and the 
iparks wiH be feen again ;— prefent the 
needle, and the fparks difappear; which 
evidently (hows, that the point of thft 
peedle draws tMJilentty almoft all the fluid 
that the cylinder throws upon the prim# 
ConduiStor, 

If the needle be fi^^d upon the prime 
Condpdor with the point oUtwafdy li^d 
Ae knob of a dif^harging rod^ or th# 
knuckle of a finger, be brought very near 
the prime Condu(ftor^ though the excitl^ 
1»Mi of the! cylinder may be very ftr^ng, 
ytt you will ^rceiye that no ipark, or only 
va 'esficeedin^ imall one, can \k obtaii][e4 
fc^m ihe prime CoAiludtor, 

V 4 . £XP)E&IM£KT 
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Experiment III. 

The ek£lnc Ffy. 

Fix the fly, defcribed in the third chap- 
tcr, upon the prinie Condudor, as reprc- 
fented by D, fig. 2, of Plate I ; then turn 
the winch of the machine, and the fly will 
immediately begin to moye round in an 
horizontal pofition, and in the dire<ftion of 
the letters tf b c di u e. contrary to the di- 
redtion of the points of the wires. If the 
experiment is repeated with a Condudtqr 
negatively eleftri^ed, the fly will turn -the 
fame way as before, viz. in the diredioft 
of the letters abed. The reafon of this 
experiment depends^ upon the repulfion 
cxifting between bodies ppflfeflled. of the 
fame Electricity ; for whpther the fly is 
cleftrified pofitively or negatively, the air 
oppofite to the points of the wires (on ac** 
count of the points eafily tranfmitting 
. Ekftricity) acquireth a ftrong Eleftricity, 
.analogous to that of the points y and there- 
fore the air and the points piuft repel each 
other^ This^ explanation is confirmed, by 

obferving 
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obferving that the above fly not only does 
not move ia vacuo j but even, if placed 
under a clofe receiver, it will turn but for 
a little while, and then flop j for the 
quantity of air contained in the receiver, 
may becon^e readily, and . equally elec%^ ' 
trificd*. 

Experiment IV* 

^be ekSirified Cotton. 

Take a fmall lock of cotton, extended 
4n every diredtion as much as conveniently 
can be done, and by a linen thread about 

* If, when the fly under the clofe receiver is ftop« 
ped, you put the end of a finger on the outflde of the 
glafs, oppofite to one of the points of the fly, this will 
move again brilkly; and by altering the pofitionofi 
your finger occaflonally round the glafs, yoii may con- 
tinue its adion a confiderable time, vi%. till moft of 
that part of the glafs is charged.. In this cafe, whea 
the finger is applied on the outfide of the receiver, the 
glafs lofing part of its natural eleftric fluid from the 
outfide (/. e, if the fly is clcQrified pofitively, or vice 
Virja^ if negatively) receives the fluid of the eleftri- 
fied air on its infide furface ; hence this air is put in 
a ftate of being again eleftrified by ttie poiflt of the 
fly, v^hich renews the motion, 

five 
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^ve or fix inches long, or by a thread 
4rawn out of the fan^e cotton^ tie it to the 
end of the ptinie Condudior ; then let the 
^inch of , the machine be turned, and the 
lock of cotton, on being ele<5tri6ed, wiH 
jmrnedfaiicAf fwe^l, by repelling its Skzw 
inents from one another, and will ftrecch 
itfelf towards the ncsirefl- , Condudtor. la 
this iituac\on, let the winch be kept turn* 
ing, and prefent the end of your finger^ or 
the knob of a wire^ towards the lock of 
cotton, which will then inormediately move 
towards the finger, and endeavour to touch 
at ; but take with the other hand ft 
pointed needle, and prefent its point to* 
watds the cotton^ a little above the end" of 
the finger, and you will obferve the cofton 
immedfately to (brink upward, gnd move 
towards the prime Condudlon Remove 
the Acedle, and the cotton will come again 
towards the finger. Prefent the needle, 
and the cotton will flirink again: vtrhich 
clearly (hews, that the needle, being (harp- 
pointed, draws off the eledric fluid froni 
the cottion, and pots it in a ftate of being 
attrafted by the prime Condu(Stor; whic& 
could not be efFcfted by a wire having a 

blunted 
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Uunted end^ or a fqmd ball foe its tec^ 

EXBERIMENT V. 

f . . ■ • 

y'Jj^e ele&ri/ied Bidder. 

Take a large bladder, well blown^ an4 

ppfver it with gold, filver, or brafs leaf, 

fticking it; with gum- water; fufpend thisr 

gadder at the end of a fiik thread, at leafir 

1^ or fevea feet long, hanging from the 

peiliag of the room, and electrify the 

jbkdder, by giving it a ftrbng ipark with 

the knob of a charged bottle : this done, 

take a knobbed wire, and preifent it to the 

bladder when n[K)tionle&, and you will 

perceive, that as the knob approaches the 

bladder, the bladder alfo moves towards 

jthe knob, and when nearly touching i^ 

gives it the fpark, which it received from 

the charged phial, and thus it becomes ua« 

cledtriEed. Give it another fpark, and, 

inilead of the knobbed wire, preient the 

point of a needle towards it, and you will 

perceive that the bladder will not be at« 

|Lra£ted by, but rather recede from the 

3 point. 
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pomt^ cipecially if the needle be very Aid-** 
dcnly prefented towards it.— This is one of 
Mr. Henly's experiments* 

Before we proceed to the pradical ufe of 
pointed Condudtors to buildings^ in order 
to defend them from lightning (which is 
iothing more than the proper application 
of the preceding experiments) it will be 
proper to fay fomething in explanation of 
the above property of points, which has 
bitely occafioned feveral controverfies. In 
order to this, it fhould be remembered, 
that the electric fluid fuperinduced upon 
^n infulated body, is confined upon that 
body by the air which furrounds it. Fur- 
ther, that Electricity, by being continu- 
ally communicated to the air, which is 
never a perfeft ele<fJ:ric, is gradually difii- 
pated; from whence follows this very evi- 
dent principle, /. e. that as a greater or left 
quantity of air is contiguous to a given 
quantity of eledrified furface, fo that fur- 
face lofeth its Eledlricity fooner or later.' 
Suppofe, for inftance, that a pointed needle 
is fixed upon the prime Conduftor; mark 
a dot upon any part of the prime Conduc- 
tor, 
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tor, which may. be nearly equal to the 
point of the needle, and then eledrify the 
prime Conduftor. Now it is evident to 
bare infpedtion, that although the point of 
the needle and the dot, &c. are of equal 
furfaces, yet the former is expofed to a quan- 
tity of air, which almoft entirely furrounds 
it, and which is vaftly greater than the air 
contiguous to the latter : hence, the Elec- 
tricity, communicated to the prime Con- 
duftor, is diffipated more cafily frorn the 
point of tho needle than from the dot, of 
any other part of the prime Condud:or# 
Befides, the air about the point may more 
cafily be moyed, in confequence of the 
ele<ftrical repulfion, than at any other part 
of the furface of the prime Conduftor, and 
new air, /. ^. unelcdrified air, pafles more 
frequently by it, which taking always part 
of the Eleftricity of that body, promotes 
alfo its diiiipation. 

In the fame manner may be underflood, 
why the ElciSricity is more eafily diffi- 
pated at (harp edges and corners, than at 
^at ones ; for as the furfaces of bodies in 
general are more or lefs plain, io they are 

expofed 
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cxpoied to a kfs or greater qaaotity of aif^ 
and participate more or left of the natsm 
and properties of points^ 

When the pointed body U negatively 
ekdriiied, it is for the fame reaibn that i( 
acquires the electric fluid through the 
pointy eafier than through any other part 
of its furface ; /• e, becaufe the point ex- 
hibiting the leaft furface to the greateft 
quantity of free air^ has the greateft num*-- 
her of particles of air, from which it can 
€Xtn& the electric fluid *. 

ExPERIMBNT VU 

The ^bunder-boufe^ 

Fig. !• of Plate 11. is an inftrument re« 
prefentiAg the fide of a houfe» either fur* 
nifhed with a metallic Condudior^ or not; 
by which both the bad eflFefts of lightning 
ftriking upon a houfe not properly fc- 
curedy and the ufefulnefs of metallic Con«» 

* For a more particular explanation of the above«^ 
mentioned property of points^ fee B£CCA&xa*s Arcifi« 
cial Eledricitf 

4uAors« 
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dufltors^ may be clearly reprefentedr A is a 
board about three qoarters of an inch 
thick, and flbapcd like the gable^end of a 
hou&. This board is fixed perpendicu* 
larly upon the bottom board B, upon 
whkh the perpendicular glafs pillar CD 
is alfo fixed, in a hole about eight incheai 
diftant from the bafis of the board A. A 
fquare hole> ILMK, about a quarter of 
an inch deep, and nearly one inch wide» is 
made in the board A, and is filled with a 
fquare piece of wood, nearly of the fame 
dimenfions^ I mention nearly of the famo 
dimenfions/ becaufe it muft go fb eafily 
into the hole, that it may drop off by the 
Icaft fliaking of the inftrument. A wire, 
LK, is faftened diagonally to this fquare 
piece of wood. Another wire, I H, of the 
fame thicknefs, having a brafs ball, H, 
fcrewed on its pointed extremity, is faf- 
tened upon the board A; fb alfo is the 
wire MN, which is fliaped in a ring at O. 
From the upper extremity of the glafs 
pillar CD, a ; crooked wire proceeds, 
having a fpring focket F, through which ' 
a double-knobbed wire flips perpendicu- 
larly, the lower knob G of which falls juft 

above 
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above, the knob H. The glafs pillar DC 
mun: not be made very fail into the bot- 
tom board; but it mufl be fixed fo as it 
may be pretty eafily moved round its own 
axis, by which means the brafs ball G may 
be brought nearer or farther from the ball 
H, without touching the part E F G* 
Now when the fquare piece of wood' 
LMIK (which may reprefent the (butter 
of a window or the like) is fixed into the 
hole fo, that the wire LK flands in the 
dotted reprcfentation IM, then the me- 
tallic communication from H to O, is 
complete, and the inflrument reprefents ^ 
houfe furoifhed with a proper metallic 
ConduiSlor ; but if the fquare piece, of 
wood LMIK is fixed fo, that the wire 
LK ftands in the dire(3;ion LK, as repre-f 
iented in the figure, then the metallic Con- 
dudlor HO, from the top of the houfe to 
its bottom, is interrupted at I M, in which 
cafe the houfe is not properly fecured, ' 

Fix the piece of wood LMIK, fo that 
its wire may be as reprefented in the 
figure, in which cafe the metallic Conduc- 
tor HO is difcontinued. Let the ball G 

be 



Digitized by VjOOQ IC 



W E L E C T fe I t I t V. 305 

be fixed at about half an inch perpendicu- 
lar diftance from the ball H, then, by 
turning the glafs pillar DC, remove the 
former ball from the latter r by a wire or 
chain connedl the wire EF with the wire 
Q^of the jar P, and let another wire ot 
chain^ faftencd to the hook O, touch the 
outfide coating of the jar. Connedt the 
wire Q^with the prime Conductor, and 
charge the jar i then, by turning the glafs 
pillar D C, let the ball O come gradually 
near the ball H, and when they arc arrived 
fufficiently near one another, you will ob- 
fcrve that tb * jar explodes, and the pieire 
of wood, LMIK, is puftied out of the 
hole to a confiderable diftance from the 
thunder-houfe. Now the ball G, in this 
experiment, reprefents an eleftrified cloud ; 
which, when it is arrived fufficiently neat 
the top of the houfe A, the Eledtricity 
flrikes it, and, as this houfe is not fecured 
with a proper Condutftor, the explofion 
breaks part of it, /• e. knocks off the piece 
of wood I M. 

Repeat the experiment with only this 
Yatiation, viz; that this piece of wood IM 

X is 
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is (ituated fo, that the wire LK may Aand 
in the (ituation IM; in which caijb tht 
Condudtor H O is not difcontinwed ; and 
you will obfcrvc, that the explofion will . 
have no efFeft upon the piece of wood 
LM; this remaining in the hole un* 
moved ; which £hcws the ufefulnefs of the 
metallic Condudtor. 

Further : Unfcrew the brafs ball H from 
the wire HI, fo that this may remain 
pointed, and, with this difference only in 
the apparatus, repeat both the above exp^ 
riments ; and^ you will find ^hat the piecQ 
of wood IM is in neither cafe moved from 
its place, nor any explofion will be heard 5 
which demonilrates the preference of Con-r 
dud&rs with pointed terminations to tboi^ 
with blunted ones. 

To prove farther the preference of point-* 
cd Condujftors to blunt ones, the ^xperi^ 
ment of the eledtrified cotton {n)ix. the fourth 
experiment of this chapter) may be eafily 
repeated with this apparatus; by which 
it may be fhewn, that a pointed Condudior 
fijently drawing off the eledric fluid from 

the 
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the fmall clouds near it, which are repre- 
fented by the cotton tied to the wire of the 
ball G, repels them, and may thus, in fbme 
caies> perhaps, adually prevent a flroke of 
lightning ; whereas the blunted Conductor 
facilitates it. Small leathers may arlfo be 
tied near the fcnob G, which, by repelling 
one another, n^ay exhibit a better rcprcfen- 
tation of an ele^riiied cloud ; and in (hort, 
with alittl^ contrivance, the above-defcribed 
a|>p£»-atus, commonly called the Thunder^ 
i&ufe^ may be adapted to reprefent the prin- 
cipal phenomena of lightning, together wirfi 
Several cireumiiances preceding, or foibW"* 
tag it. 



Xi, CHAP. 
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C H A P. X. 

Experiments with the ele&rical Battery. 

THE force of accumulated Eledricl- 
ty^ great as it appears by the experi- 
ments performed with a iingle coated jar, 
is very fmall when compared with that, 
which is produced by a number of jars 
connedted together \ and if the effeds' of a 
iingle jar are furpriiing, the prodigious 
force of a large battery is certainly afto* 
Diifaing. To obferve that the metals^ even 
the mod purified platina, which refifls the 
greateft efforts of chemic fire, are aftually, 
and almoft inftantaneoufly rendered red- 
hot, and fufed; to fee animals deftroyed; 
and to hear the loud report of a large elec- 
tric battery, are things that always produce 
a kind of terror in the mind of an attentive 
bbferver. Experiments of this kind fhould 
be condufted with great caution, and the' 
Operator ought to be attentive, not pnly to 
the bufinefs in hand, but alfo to the perfons 
who may happen to be near him, prohibit- 
ing their touching, or even coming too 

near 
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near any part of the apparatus ; for if a 
miftake in performing other experiments 
may be difagreeable, thofe in the difcharge 
of a large battery may be attended with 
worfe confequences* 

When a battery is to be charged, inftead 
of a large prime Conduftor^ a fmall one is 
much more convenient ; for, in this cafe, 
the diffipation of the Eledlricity is not fo 
confiderable. The quadrant cleiflrometer, 
which (hews the height of the charge ia 
the battery, may be fixed* either upon the 
prime ConduiSor, or upon the battery; in 
which latter cafe^ it (hould be placed upon 
a rod proceeding from the wires of the 
jars, and if the battery be very large,* it 
fhould be elevated two or three feet above 
them. 

The index of the eleftrometer in charg- 
ing a large battery will feldom rife fo high 
as 90"*, bccaufe the machine cannot charge- 
a battery fo high in proportion, as a fingle 
jar. Its limit is often about 60'' or 70% 
more or lefs in proportion to the fizc of the 
battery, and the force of the machine. 

' X 3 ExPE- 
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EatPERIMENT I. 

To melt Wires. 

Coanedt with the hook, communicattng 
with the out fide coating of a battery, coa- 
taining at leaft thirty iquarc feet of coated 
furface, a wire, that is about one fiftieth 
part of an inch thick, an4 about two fcc( 
long; the other end of it muft.be faflened 
to one end of the difcharging rod ; this 
done, charge the battery, and then, by 
bringing the difcharging rod near its wires^ 
fend the explofion through the fmall wirc^ 
which, by this means, will be made red- 
hot, and melted, io as to fall upon the door 
in different glowing pieces. When a 
wire is melted in this manner, fparks are 
frequently feen at a confiderable difbtnce 
from it, which are red-hot particles of the 
metal, that by the violence of the explo- 
fion are fcattered in all directions. If the. 
force of the battery is very great, the wire 
will be intirely dil^rfed by the explofion, 
fo that none of it can be afterwards found. 
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By rqjeating this experiment with wires 
of different metals, and the fame force of 
cxplofion, it will be found that fome metals 
arc more readily fufed than others, and 
fome not at all affefted ; which (hows the 
difference of their conducting power. If 
it be required to melt fuch particles of 
metak, that cannot eafily be drawn in 
wites, as ores, grains of platina, &c. they 
may be fet in a train upon a piece of wax; ^ 
this train may be inferted in the circuit, and 
an explofion may be fent through it, which, 
if it is fufficiently ftrong, will melt the 
metallic particles, as well as the wires : or, 
if the quantity to be tried be large enough, 
it may be confined in a fmall tubeofglafs. 

In melting wires of a confiderablc length, 
it is often obferved, that when the force of 
the explofion isjuft fufficient to render the 
wire red-hot, the rednefs begins firft from 
one end of it, namely, that which commu- 
nicflitefi with the pofitive fide of the bat- 
tery, and from thence gradually proceeds to 
the other end. This is another ocular de- 
monftration of the theory of a fingle eledlric 
fluid. Indeed the wire is not rendered red- 
X 4 hot 
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hot in one place before the other, in confe- 
quence of theeledric fluid pafling firfl througji 
the former, and then through the latter, for 
that difference of time is by far too fmall 
to be obferved; but, becaufc the elcdric 
jluid lofes fome of its impetus, or velocity, 
in going through the wire ; hence the part 
of the wire which the cleftric fluid enters, 
fyffers the greateft cfFcd of the flbock, and, 
qonfequently, becomes red Iboner, and in 
^ greater degree. 

If a wire is fl;retched by weights, and a 
ihock is fent through it, which renders it 
juft red-hot, the wire, after the cxplofion, 
will be found confiderably lengthened; but 
if the wire is left loofe, after a fimilar ex- 
plofion it will be found fhortencd ♦• If a 
wire is melted upon a piece ^of glafs, the 
glafs, after the explogon, will be found 
marked with all the prifmatic colours. 

^ This is a l^te obfervation of Mr. Edward 
^A,IR^£* §^^ the Phil. Tranf. vol* LXX* 



EX?£'» 
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Experiment II. 

Tojhew that the eleSiric Fluid prefers ajhort 
Pqffage through the Mr^ to a long one 
through good Conductors. 

Bend a wire about five feet long in the 
form reprcfented by fig. 11. Plate 11. fo 
that the parts AB may come within half 
an inch of one another ; then conned: the 
extremities of the wire with the hook of 
the battery^ and the difcharging-rod^ as 
dire£i;ed in the preceding experiment, and 
fend the charge of a battery through it. 
On making the explofion, a fpark will be 
feen between A and B, which fhows that 
the electric fluid choofes rather a (hort 
paflage through the air, than the long one 
through the wire. The charge, however, 
does not pafs intirely through A and B, 
but part of it goes alfo through the wire ; 
which may be proved by putting a flender 
Vrire between A and B 5 for, on making the 
difcharge with only this addition in the ap-- 
paratus, the fmall wire will be hardly made 
y$d-hot; whereas, if the large wire ADB 

be 
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be cut in D, fo as to difcontinuc the cir- 
cuit ADB, the fmall wire will be melted, 
and even exploded, by the fanie fliock that 
before made it fcarcely red-hot. In this 
manner (fays Dr. Priestley, who is the 
inventor of this experiment) may the con- 
du(^ing power of* different metals be tried, 
ufing metallic circuits of the &me iength 
and thicknefs^ and obferviBg the difference 
of the paflage through the air in each« 

Experiment III. 

Ho make Globules of Metals., 

Take a very flender wire, and put it in a 
glafs tube, about one quarter of an inch in 
diameter; then fend the charge bf a battery 
through it, and the wire will be melted, 
and reduced into globules of different fizes, 
which are found flicking on the infide fur- 
face of the glafs tube, and they may be 
eafily feparated from it at pleafure : thefe, 
upon examination, will all be found hol- 
low, and are little more than a mere fcoria 
of tnetal. 



It 
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It muft be obferved^ in making this ex« 
periment, that the charge of the battery 
muft neither be too high nor too weak i 
for in the former cafe, the wire will be re- 
duced into pieces exceedingly fmall^ or ra-- 
ther exploded in fmoke; and in the latter 
caitj it will be imperfedlly fufed^ fo that its 
pieces will be Urge and irr^ular^ 

Experiment IV. 

The Fairy Circles. 

Fix upon each of the knobs DD of the 
univerfal difcharger, fig. 5. Plate I. or 
upon the wires that fupport the knobs, if 
the )cnobs are removed, a flatti(h and 
£fnooth piece of metal, or femi-metal 
(watch*cafcs are very fit for this purpofe) 
£> that their furfaces may come fo near each 
other, that the battery may be difcharged 
through them i then conned: one wire of 
the difcharger with the outfide of the bat- 
tery, and the other wire, by the help of 
the difcharging rod, with the infide of it, 
fo as to make the difcharge; which will 
occafioa the ipot and circles defcribed in 

the 
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the iirft part of this Treatife, upon the 
furface of each of the pieces of metal fixed 
upon the difcharger. 

Thefe circles have hitherto been exhi- 
bited upon the furface of no other fub- 
ftances but metals ; and they are found to 
be marked more diftindly upon fuch me- 
tals as melt with the leaft heat. The moft 
beautiful of thefe rings are produced by a 
number of difcharges from a large battery, 
every part of the apparatus remaining ex- 
adly in the fame fituation. If the pieces 
of metal receive the explofion in vacuo, 
the fpot formed on them is very irregular 
and confufed. 

I have given thefe {pots the appellation 
of Fairy Ctrclesy on account that they bear 
fome refemblance to the fpots fo called, 
which are often obferved upon the grafs in 
the fields, Thefe, which we may call na- 
tural Fairy Circles in the fields, have 
been thought to be cfFedled by lightning, 
on account of their bearing fome refem- 
blance to the above-mentioned circles' pro* 
duced by Ek(Stricity.; the fuppofition, 

however. 
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however, feems not very probable ; for the 
fpots in the fields, called Fairy Circles, 
have no central fpot, no concentric circles, 
neither are they always of a circular figure ; 
and, as I am informed, they feem to be ra- 
ther beds of mulhrooms than the efFefts of 
lightning. 

Experiment V. 

To mark coloured Rings on Metals^ 

In order to exhibit coloured rings upon 
the furface of metals, place a plain piece of 
any of the metals upon one of the wires of 
the univerfal difcharger, and upon the 
other wire fix a (harp - pointed needle, 
with the point juH: oppofite to the furface 
of the metal; then connedt one wire of 
the difcharger with the outfidc of a bat- 
tery, and the other with the difcharging- 
rod, &c. In this manner, if explofions 
are repeatedly fent either from the point 
to the piece of metal, or from the latter to 
the former, they will gradually mark the 
furface of the piece of metal oppofite to 
the point with circles, confiding of all the 

prifmatic 



Digitized by VjOOQ IC 



^i8 ^Complete TRBATiaE 

prifmatic colours ; which arc evidently 
occafioned by lamin® of the metal, raifed 
by the force of the explofions. 

Thefc colours appear fooner, and the 
rings are clofer to one another, when the 
point is nearer to the furface of this metaL 
The number of rings is greater or lefs, 
according as the point of the needle is 
more fharp or more blunt ; and they are 
reprefented equally well upon apy of the 
metals. 

The point of the neiedle is alfo coloured 
to a confiderable diflaoce ; the colours 
upon it returning in circles, though not 
very diftinftly. This is an experiment of 
Dr. Priestley. 

Experiment VL 

T&e Imitation of an Earthquake. 

The appearance of the earthquake, as 
reprefented with the explofion of a bat- 
tery, is occafioned by the concuffion given 
to fercral fubftances by the explofion 
,5 paffing 
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pafling over their furfaccs. To give a re- 
prefeatatioa of the impreflioa made upoa 
boufes by the earthquake, fraail fticks,. 
cards, or the like, may be placed upon the 
furface of the body over which the explo-, 
fion is to be tranfmitted, (o as to ftand 
very light. Thefc flicks, &c. will nwer 
faii to be (book, ami oftea tq be thrown 
dowa by the cxplofioa. 

It h remarkable, that aji explo£oQ wilT 
not pafs over the fame leogth of fiirfacc'of 
all bodies, thpijgb they are equally good 
Condudlors. Water, ice, wet wood, raw 
fle(h, and mofl of the animal fluids, are. 
the beft to make this remarkable experi-r 
ment ; to do which, nothing more is re- 
quired than to infert part of the furface of 
the faid fubftances into the -circuit of the 
two fides of a battery i a chain, for in- 
ftance, cbmmunicating with the outfijde, 
may be placed 4b as nearly to touch the^ 
furface of a cjuantity of water, and at about 
eight or nine inches diftant * from another 

♦ The diftance at which an cxpJofion will ftrik^ 
over the furface of the above-msfitioned fubfiances, is 
much greater than that it can Arike through in air 

•nly. 

chain. 
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chain, fituated alio very near the furface of 
the water, and communicating with one 
end of the difcharging-rod. If the ends 
of the chains touch the watef^ the experi^ 
ment will happen in the fame manner* 

The report^ in this experiment^ is much 
louder than when the ^ explofion pafles 
through the air only. The concufHoii 
given to the water, by the explofion pafling 
over its furface, is not only fuperficial, but 
afFedfcs its whole body ; and if the hand is 
kept deep unde^ its furface whilft the ex-* 
plofion pafles over it, the concufiion may 
be very (cnfibly felt* 

The ipark, that in this experiment pailes 
over the furface of the water, feems to beat 
a great relemblance to the balls of fire that 
have fometimes been feen over the furface 
of the fea or land in time of an earth- 
quake ; and hence it feems very probable, 
that thofe balls of fire are clcdlrical phe-- 
nomena. 



CHAP. 
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C H A p. XL 

Promifcuous l^xperiments* 

E X P iE R I M E N T Iv 

^0 Jhew that Smoke ^ and the Vapour of hot 
Water, are Gandu6lors>. 

LE T a cork-ball eleftromcter be fuf^ 
pefided about four or five feet above 
the priftic Conductor, .theti turn the winch 
of the machine very gently, and you will 
find, that the balls of the eledrometcr will 
not diverge. Put upon the pripie Con- 
dudlor a wax-taper * juft blown out, {o 
that its fmoke may afcend to the e}e£tro<- 
meter ; then turn the winch again, and the 
balk of the eledlrometer will immediately 
feparate a little, with the fame force of 
Elediricity, from the prime Conductor j 
which fhqws that fmoke is a Conductor in 
a fmall degree. 

• A green wax-tapct is thC' bcft for this icxpe- 
rimeiit* 

Y In 
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In the fame manner> by placing a fmall 
vcflel with hot water upon the prime Con- 
dudlor, inftead of the wax-taper, it may be 
proved, that its vapour is alfo a Conduc- 
tor; but inferior in its conducting power 
to the fmoke. This experiment is an in- 
vention of Mr. Henly* 

Experiment II. 

^0 prove that Glafs^ and other EleBrics, &e^ 
come ConduSiorSj when they ar^ made very 

, hot. 

Take a fmall glals tube of about one 
twentieth of an inch in diameter, and 
above a foot bng; clofe it at one end, and 
introduce a wire into ie^ fo that it may be 
extended through its whole length : let two 
or three inches of this wire projedl above 
the open end of the tube, and there faften 
it with a bit of cork ^ tie round the clofed 
end of the tube another wire, which will 
be feparated from the wire within the tube 
«nly by the ghC$ ijitcrpafed befew«ca 
them. In thefe circumftances endeavour 
to fend a ihock through the two wires ; 
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i. tf the wire infcrted In the glafs tabe» and 
that tied on its outifide^ by conneding an6 
of them wiA the outiide» and touohing 
the other with the knob of a charged jar^ 
and you will find that the difcharge cannot 
be made^ unlefs the tube be broken $ be-* 
caofe the circuit is interrupted by the glafs 
at the end of the tube, which is interpofed 
between the two wires. But put that end 
of the tube to which the wire is tied into 
the fire, io that it may become juft red- 
hot, then endeavour to difeharge the jar 
again throa^ the wired, and you will find 
that the explofion will be eafily tranfmitted 
from wire to wire, through the fubftance 
of the glais, which, by being made red- 
hot, is become a Condu<9:or. 

In order to afccrtain the condu6:ing qua- 
lity of hoc refinous fubftances, oils, &c. 
bend a glafs tube in the form of an arch 
CEFD, fig. 7. Plate IL and tic a filk 
ftring GCD to it, which fcrvcs to hold 
it by when it is to be fet near the j&re > fill 
the middle part of this tube with rofin, 
fcaling-wax, &c. then introduce two wires 
AE, BF, through its end«, fo that they 
Y 2 may 
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may touch the rofin, or penetrate a little 
way in it. This done, let a perfon hold 
the tube over a clear fire, foas to melt the 
rofin within it i at the fame time, by con-* 
nesting one of the wires, A or B, with the 
oiitfidc of-^, charged jar, and touching the 
other with the knob of the jar, endeavour 
to make the difcharge through the rofin, 
and you will obferve that, while the rofin 
isr cold> no (hocks can be tranfmitficd 
through it 5 but it becomes a Conduftor 
according as it melts, and when totally 
melted, the fhocks will pafs through it very 
freely. 

Experiment III. 
T!o Jhew that hot Air is a ConduSfor. 

filedtrify one of the cork-ball cleftro- 
meters fufpended upon the (land, fig. 4. 
of Plate I. or cledtrify the prime Conduc- 
tor with the quadrant electrometer; then 
bring a red-hot iron within a fufiicient 
diftance of the eledrometer, or prime 
Condudtor, and you will find that they 
foon Igfe* their Eledricity, which is cer- 
tainly 
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tainly •conduftcd by the hot air contiguous 
to the iron ; for if the experiment be re- 
peated with the fame iron when cold, /. e. 
by bringing it within the fame diftance of • 
the cledrified Electrometer, or prime 
Condudtor, their Eledricity will not be 
conduced away as before *. 

* The above experiments may reafonably 
induce us to fufpedt, that feveral fubftanceS 
which are ranged among Conduftors, 
would become Eledrics, if they were 
brought into a cold temperature \ and that 
all the Eledtrics become Conduftors^ when 
they are heated in a very high degree. 

♦ It has been often obferved, that a battery may be 
difcharged, by introducing a red-hot iron between two 
knobs interpo/ed, and ftanding at fome diftance from 
each other in the circuit \ but if, inftead of iron, there 
be introduced a piece of red-hot glafs between the 
knobs (the diftance between them remaining as at firft) 
the battery cannot be difcharged : whence we* may 
infer, that either hot air is not fo good a Conductor as 
has been imagined, or elfe, that air heated by iron 
(perhaps from its ignited particles) is ftronger, with, 
refpe<ft to its conducing power, than when heated ty 
the red-hot glafs. 

Y ^ Experiment 
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Experiment IV. 

To Jhtw that Siths of iiffinnt Coloun 
acquire Afferent EkSrkitieu 

Lay a white ribbon upon another ribbon 
ef the fame fize and finencf^, but black; iben 
holdiDg them l^ one extremity with one 
band} draw them fwiftly between the firft 
and fecond finger of the other hand^ by 
which fri£tion they will be both eledrified^ 
^ndon beang feparated, the black ribbon will 
be foiuid to be negative^ and the white 
poiitive. 



ExPEHrMBNT V. 

3> ekShr^y ibt Ahr of a Room. 

The air furrounding the cledlrical ma-» 
chine when in ufe, or contiguous to 
every highly*ele<arified body, always ac- 
quires a portion of Electricity, which it 
retains for a confiderable time^ and whicb, 
in fome mcafure, counterads the EleAri* 

city 
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city ofclcarified bodies*. A very expe- 
ditious method, however, to eledrify the 
air, is to fix two or thwe needles upon the 
prime Condudtor, and to keep it ftrongly 
eledlrified for about ten minutes. If after* 
wards ail eleftrometer be brought into the 
air furrounding the apparatus, it will 
plainly {hew, that the air has acquired a 
confiderabl« quantity of Eledtricity, which 
it will retain even after the apparatus has 
been reitiD^d ilit6 another room. To 
cledrify the air negatively, conneft the 
pointed needles with the rubber when in-^ 
fulated ; and mak^ a communication by a 
chain, or wire, from the prime ConduAor 
to the table. 

Another method of eleftrifying the air 
is, to charge a large jar, and infulate it : 
then conneift a fhirp-pointed wire, or a 
number of them, with the knob of the 
jar ; arid make a colhthunication ^rom the 
outfidc coating to th^ table. If the jar be 
charged pofitively, the air of the room will 
foon become ftrongly eleftrified pofitively 

* Art efodromoter fufpendtd fo the prime Conduc- 
tor^ will diverge moft after a few turns of the wheel ; 
but afterwards the divergence will leflen, according as 
the air about the apparatus becomes ele&rified/ 

Y 4 likewifci 
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iikewife; but if thfe jar be charged ftega- 
tively, the air will become alfo negative. 
A charged }ar being held in one hand, and 
the flame of a candle, infulated, and held in 
the other, being brought near the knob of 
the jar, will alfo foon produce the fame 
efFea:, 

Experiment VT* 

"The Atmojpbere of ISmphe. ■• ■/ 

Take a brafs ball, or any piece of metal 
that is free from points or edges, of about 
three or four inches .diartietcr, and'fnfulate 
it upon a narrow elecftiric ft^nd ; theri give 
it a fpark with the knob of a charged 
phialji and immediately prefent to it a wax- 
taper juft blown out and fmoking. ^The 
fmoke, in this cafe, will be attrafted by 
the eledrified body, and, by encompafling 
that body, will form a kind of atraofphere 
about it. This atmofphere will remain for 
a few feconds, and afterwards, beginning 
from the bottom, will gradually vaniflx, 
imtil at laft, entirely departing from the 
eledlrified body, it goes off in a flender co- 
lumn, that foon rarefies, and diffufeS itfttf 
into a confiderable fpace^ 

This 



Digitized by VjOOQ IC 



tm EXECTRICITY. 329 

This experiment will not fucceed, unlcfs 
h be made in very dry weather, and in a 
room where the air is not agitated. Care 
muft alfo be taken^ that, in blowing out 
the taper, and prefenting it to the cleftri- 
fied body, the air be difturbed as little as 
pofEble. • 

This phenomenon has induced fomc 
philofopljers to fuppofe,- th^t thp Eledtri- 
city of an eledlrified body refided about it, 
i. e. reftcd upon its furface like anatmo- 
Iphere; which, they thought, was made 
very evident by the fmoke. But this ap- 
pearance, when duly confidered, is far 
from proving any fuch eleftric atmo- 
fphere ; and the caufc of it may be very 
cafily explained in the following manner :— 
The fmoke is attradted by the eleftrified 
body in the fame manner, and for the 
fame reafbn, that other bodies are attrafted 
by it. It remains fufpended about that 
body, and cannot all come into contadt 
with its furface, on account of the elafti- 
city of its particles. It remains fo long 
fufpended about the' electrified body, and 
is not immediately repelled, becaufe it is a 

bad 
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bad Coodudor, and acquires Ele£lridt]r 
verjr flowly ; but, having acquired a fuffi- 
cient quantity of Bledricity, it begins to 
quit the eled:rified body, and, amending ia^ 
die air, extends itfelf into a large %ace, in 
conicquence of the repuUion exiting be« 
tween its own ele£trified particles. 



EXPKtiMSNT Vlf. 

Hojbew thai Metals caduS the ek&m Fkid 
through their Subftan^e. 

Take a wire of any kind of metaU and 
cover part of it with fome cleftric fub-^ 
ftancq, as rofin, fcaling-wax, &€• then dif-* 
charge a jar through it, and it will be foondj,, 
that it conducts as well with as without 
the elcdric coating* This proves that thq 
ele&ric fluid pafles through the fubftancc 
of the metal, and not over its furfice. 



Experiment 
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Experiment VIII. 

^he ekSfrified Cup and Chain^ 

Infulate a metallic cup, or any other 
concave piece of metah and place witlun it 
a pretty long metaUic chain^ having a (ilk 
thread tied to <me of its ends* To the 
handle of the cupy or to a wire proceeding 
from it, fufpend a cork-ball ele^rometer % 
then eledrify the cup^ by giving it a (park 
with the knob of a charged phial, and the 
balls of the eledrcmieter will immediately 
diverge. If^ in this fituation, one end of 
the chain be gradually raifed up above the 
top of the cup, &c, by the filk thread, 
while the lower end of the chain remains 
in it, the balls of the eleftrometer will 
converge a little, and vaotc or lefs in pro- 
portion to the elevation of the chain above 
the top of the veflel; which proves that 
the Eledrrtcity of the cup and chain toge- 
ther is more denie when thefe bodies are 
in a compad, than when they are in a more 
extended fbrm# A more eafy method of 
5 flicwing 
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ihcwing this property of Ekdtricity, is that 
ufed by T. Ronayne, Efq; which is as 
follows \' — He excites a long flip of white 
flannel, or a filk ribbaiid, by rubbing it 
with his fingers ; then, by applying his 
hand to it, takes off as many fparks as the 
excited eledlric will give ; biit when the 
fiannel, &c. has loft the power of giving 
any more fparks in this manner, he doubles, 
or rolls it -up ; by which operation the 
contra6ted flannel, &c, appears fo ftrongly 
cleftrical, that it not only gives fpai^ks to 
the hand brought near, but it throws out 
Spontaneous bruflies of light, which appear 
very beautiful in the dark. 

, Ex PER I M ENT IX, 

^qjhew the Courfe of tie ele^ric Fluid by the 
Flame of a Wax- taper* 

Fix at that extremity of the prime Con-* 
dudtor which is the remotefl: from the 
machine, a brafs rod fix inches long, hav- 
ing on its extremity a brafs ball about 
three-fourths of an inch in diameter, and 
kt the winch of the machine be moved. 

If 
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If in this fituation the flame -of a wax- 
taper ; be prefenuted to the above*mentioae4 
brafs ball, it will be blown almoft hori- 
zontally, and in a diredtion from the ball ; 
that is, in the diredion of the elecftric 
fluid. If a wire, with a like ball, be fixed 
to the infulated rubber, the flame of a 
wax-taper, prefented to this ball, will be. 
blown alfo in the direiSion of the.«lc<n:ric 
fluid ; that is, it will be blown upon the 
ball, (hewing the true courfe of the elec- 
tric fluid in a very Ample and convincing 
manner. 



Experiment X. 

* 

^ojhew the eleSiric Attract ion and 'Repulfion 
by the eleSiric Light. 

Fix a pointed wire upon the prime Con- 
du<aor with the point outward, and another 
like wire upon the infulated rubber ; then 
let the winch of the machine be turned,- 
and the points of both wires will appear 
illuminated, n^iz. the former with a brufhi 
and the latter with a ftar* In this fitua- 
tion, take an excited glafs tube, and bring 

it 
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it fideviray of the point of die wire fixed 
vpon the prime Condudor, and you will 
ke diat the bniih of |nys iffuing from the 
pointy is turned jideway^ /. e. is repelled 
by the atmofphere of the tube ; and if the 
excited tube be held juft oppofite to the 
pointy the bru(h will entirely vanifh, be- 
caufe both the tube and the point are elec<- 
trified pofitively. If the excited tube be 
brought near the point of the wire fixed 
upon the rubber^ the ftar upon it will 
turn itfelf towards the tube ; for this 
wire, being eledrified negatively^ will at- 
tract the eledric fluid of the ex;cited 
tube* 

, If this experiment be repeated with an 
excited flick c^ fealing*wax> or any other 
clcftric negatively eledlrified, inftead of 
the gh& tube, it will be found that the 
brufh proceeding from the wire fixed upon 
the prime Condador, will turn itfelf to- 
wards the excited wax, &c. and the flar 
upon the point of die wire negatively elec- 
trified, will be diverted from it, or entirely 
fupprefledv if the excited flick of fealing- 
wax be twrought juft dppofitc to the point. 

Experiment 
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Experiment XL 

A curious Metiodofjhewmg tie Penetrability 
of eleSlric Light. 

Let the extremities of two wires, one of 
which proceeds'from the ootiideof a charg- 
ed jar, and aoodaer from one branch of the 
diichacging ro4» be laid on a table at about 
1^ of sia inch diibnce of each other; then 
put the thwoh juft upon that iiiterruption, 
preilipg it flat down. This done, bring the 
difcharging rod in contaft with the knob of 
the jar, and on making the difcharge, the 
fpark which neceflarily happens under the 
thumb will illuminate it in fuch a manner, 
that the bone, and the principal blood-' 
veflels, may be eafily difcovcrcd in it. ^ 

In this experiment the operator needs 
not be afraid of receiving a ihock ; for the 
difcharge of the jar pafles from wire to wire, 
and only affeiSts the thumb with a fort of 
tremor, which is far from being painful. 

Experiment 
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Experiment XII. 

9a illuminate a ^entity of Water by the 
Difcbarge of a Jar. 

Let every thing be difpofed in the man* 
Xier mentioned in the preceding experiment, 
excepting only that, inftead of the thumb, a 
large clearglafs decanter full of water,having 
a flat bottom, be laid juft over the interrup- 
tion of the circuit. Then, on making the 
difcharge, the water will be fcen all illumi- 
nated to the very top of the decanter. 



Experiment XIIL 

7d illuminate Ivory , Wood, Gf ^. 

Plade a ball, or a thick piece of ivory, be* 
tween the extremities of the wires of the 
univerfal difcharger, and by connecting one 
of the wires with the outfide, and the other 
with the infide of a charged eledlric jar, pafs 
the (hock through the faid ball, and it will 
appear all illuminated. 



Digitized by VjOOQ IC 



. M Ex.* <; T R I c 1 1^ Y. ' 337 

If box wood be ufed inftead of ivory, it 
will appear illuminated with yellow, red, 
purple, or crimfon colour.— Other forts of 
wood exhibit other (hadeS of red or yellow, 
and fometimes green ; which varieties of 
colour feena to depend moftly on the com-* 
padnefs of the wood, and on its degree of 
<Jryncfs* 

Experiment XIV. 
T!be eMrified Capillary Syphon. 

Let a fmall bucket of metal, full of wa* 
Icr, be fufpendcd from the prime Conduc- 
tor, and put in it a glafs fyphon of fo nar- 
: row an extremity, as the water will juft drop 
from it. If in this difpofition of the ap- 
paratus the winch of the machine be turn- 
ed, the water, which, when not eledtrified, 
only dropt from the extremity of the fy- 
phon^ will now run in a full ftream, which 
will even be fubdivided into other fmaller 
Dreams $ and if the experiment be made in 
, the dark, it will appear beautifully illumi- 
nated. 

Z ExpE- 
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ExPBHiMEEJIlt XV. 

Fig. 10 of Plate II. reprefcnts aninftm- 
ment having three bells, which arc caufcd 
to ring by the power of cleftric attradlion 
and repulfion. B is a brafs piece furniihed 
with a hooky by wluch k XSAJ be iufpend* 
ed from the rod proceeding from the extre- 
mity of th^ prime Conduifbot A. The 
two. be)la» C gnd E^ ave fu^endsd hj bTafs 
chains ; but the middle bellr D^ and thei t9H> 
fmaU braisf clappera between C D^ aiKl 
I^ E^ are fufpended by filk threads* JPron 
the coDcave part, of the bellr D, a bra& ckain 
proceeds^ which falls upon the table^ aod 
has a filk thread F at its extremity. The 
apparaj2ua being dlfpofed a& in the figurs, if 
the cylindier. of the machine be turned^ the 
clappers; will fly fi;om bell to bdl M^th a 
Very quick motion^ and the - beUst willt ring 
as long as they are kept electrified. 

The 



Digitized by VjOOQ IC 



w E t te T It 1 e J * V* 33^" 

The two bells, C and E, being fufpcnded 
by brafs chains, arc firft eleiflrified j hence 
they attfaA the clapptts, tommunicate to 
them a little Eledlricity, and repel them tQ 
the uneieftrified bell D, upon which the 
clappers dtpofit their Ele&icity, and then 
ran again to the bells C E, from ithich 
they adq^ttire nrare Elc^Ertcity^ &c. If by 
holdidg th^ filk thread F, ihb chain of thi 
middle bill be rarfed'from the table, thd 
bells^ after ringing a little while^ will ftop# 
t>ecaitfe thd bell D remainihg itifulated^ 
will ibon becoctie as ftrongly eleArifiid as 
either of the other two bells i itt whidh 
oale thd clappers, having no opportunity 
pf depositing the Eltdtricity that they 
ikcqwre from the bells C, E, muili coni^'i 
quently ftop« 

If this experiment be made in the dark» 
fparks will be feeti between the dappers 
and the bells. 

The experiment will have a better effcAg 
if, inflead of keeping the machine insmotion, 
% charged jar be fet with its knob in con* 
ta^ y^ith the prime Condu^or. 

Z a' Exps;- 
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Experiment XVI. 

Ttbe Spider feemingly animated by EleEirkity. 

Fig. 9 of Plate II. rcprefcnts an clcdlric 
jar, having a wire CDE fattened on its 
outfide,. which is bended To as to have its 
knob £ as high as the knob A. B is a 
fpider made of cork, with a few fliort 
threads run through it, to rcprefcnt its 
legs. This fpider is fattened at the end of 
a (ilk thread, proceedings from the ceiling 
of the room, or from any other fupport, fo 
that the fpider may hang mid-way between 
the two knobs A, E, when the jar is not 
charged* Let the place of the jar upon 
the table be marked ; then charge the jar 
by bringing its knob A in contadl with the 
prime Condudlor, and replace it in its 
markecj place. The fpider will now begin 
to move from knob to knob, and continue 
this motion for a confiderable time, fomc- 
timcs for fcveral hours. 

* The infidc of the jar being charged pb-^ 
fxtivcly, the fpider is attwficd 4>y the knob 

A, which 
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Ay which communicates to it a fmall quan-* 
tity of EleiSricity ; the fpider then becom- 
ing poflcfled of the fame Eled:ricity with- 
the kjiob A, is repelled by it, and runs to 
the knob E, where it difcharge^ its Elec- 
tricity, and is then again attracted by the 
knob A, and fo on. > In this manner the 
jar is > gradually- dffcharged; and when the- 
difcharge is nearly completed, the fpider 
frnifhes its motion. 

Experiment . XVII. 

.; -.. .^ '^^^ 5/;><i/ Tube; 

Fig. 13 of Plate II. reprefents an inftru- 
ment compofed of two glafs tubes C D, 
one within anoth€;r, and clofed with two^ 
knobbed brafs caps, A and B, The inncr- 
moft of thefe tubes has a fpiral row of fnlall 
i^pund pieces 6f tin-foil, ftuck uppnits out- 
fide furface, Ind lying at about one thir- 
tieth of an inch from each other. If this 
inftriiment be held by one of its^ qxtremi- 
tieSi jrtidits other extremity he pFefented to 
tl)jB prime Conduftor, every fpark that it 
KCf3m9 from, the pdrnp Condu^pr, will 
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cauTe (hnall ipar]($ to appear betwccft a}I the 
rouod pieces of tin-fQil Amc}^. upon tho in^ 
nerqiK>ft tube, which in the dark ajS<ffds 9 
pleafing ^i6hele j ibe laftrumont appear^ 
ix}g cocompafled by a 4>ira) line pf fire« 

The fmall round pieces of tin-foil arc 
ibmetiaie« ftuck upon a Bat piece of glafi(t 
ABCD, %• xa^ fo as to reprefent cunr^ 
lines, flowers, letters, &c. and they are il-* 
luminated after the fame manner as the 
ipiral tube ; /. e. by holding the extremity 
C, or B, in the hand, aiid prefenting ii» 
other extremity to the prime Ccipdudor, 
when the machine is in motion* 

EXPB^IMBIIT XYIIL 

ito fnake JLilts tbrougb a Glafs Tube ty means^ 
oj EkSric Sparks. 

Let a glafs tube of any d&imetcr, aiicl 

about five or fix inches length, be clofed her«^ 
metically, or by means of (baling- wax, at one 
end, and fill about half c^ it with olive ^y 
then ftop the apertureof it with acork, aatf 
}et a wire paj& through the cork, and come 
ib far v^thin the tttbe» as to ba?e its extre-^ 

mity 



Digitized by VjOOQIC 



M Electricity. 343 

mity below the furfacc of the oil. This 
end of the wire muft touch the furface of 
the glafs^ for which purpofe it muf): be bent 
nearly at right inglet^ which may be eaiily 
done before the cork is put upon the tube. 
Things being thus prepared, bend into a ring 
the other extremity of the wir^, and fiilpend 
it^ with the tubeJbangifig to it^ to the wire 
at tHc end of the Conduftor. Then work 
Ithe machine, aad bring the knuckle of a fin- 
ger or the knob of a wire near the outfide 
of the tube, jufl oppofite the extremity of 
the wire; the cpnfcquence of which will be^ 
that a fpark will happen between the wire 
and the knuckle^ which makes ^ hole 
difough the glaft.*^By turning the wire 
abouti or raifing and lowering it, many holes 
m^y be fuccefiively made in the fame, tube^ 
fiftor the manner abo\re deHbribed. f 

luk this experiment it is very remarkable^ 
,lhat, :f(> fmall a power as a iimple eledtric 
ipai^k (hould perforate a hole through fb 
hardafubftance as glafs ; and fometimes the 
thkk^aie^ of the glafs has been nearly a 
garter of an inci;:;. ^ 

Z 4 ^ ExPE- 
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Experiment XIX. 

To caufe the ^ickfiher to rife in a Thermo^ 
meter by means of Jj^leSlricity. 

Fix a wooden ball to the wire that pro- 
ceeds from the extremity of the prime^^Con*- 
dudlor, and place another like wooden bsdl 
on a wire or other Conductor that com?- 
municates with the earth, at about half an 
inchdiftance from the other ball; in which 
iituation, it is clear that, when the machine 
is in aftion, k ftream of eleftric fluid will 
pafs/rom one ball tb" the other; 'Nawif 
you place the bulb of a mercurial thermd* 
meter in that -ftream; t;/i. between thfe two 
balls, you* will find that 'the qukkfilVer in 
it will be gradually raifed by the aftion of 
the ftream ; and if the machine is wotked 
for fome time, the mercury wiM be raifed 
feveral degrees above its former ft^tioii. 

N, B, For this experiment, the bulb <£ 
the thermometer muft -be quite detached 
frpipL the fcale^ fo that the fcale may begin 

at 
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at Icaft three inches above it. The experi- 
ment anfwers beft when the balls are of foft 
wood. ; 

E x f B IR I M E N T XX. 

To kt SealingrfFax 6ejpun intpfne Threads 
: iy. means, of Ele^ricity\; 

Stick a fmall bit of fealing-wax on the 
extremity of a wire, and warm it fo as to be 
ready to drop^ in the mean time let the 
eledtrical machine be worked 1 then flop the 
motion of the machine, and at the fame time 
bring the hot fealing-wax within four or 
five inches of the prime Condudlor, moving 
It about in a winding direftion, and you 
will find that the fealing-wax throws feveral 
exceedingly fine threads to the prime Con- 
dq&or, which appear like red wool. 

This experiment anfwers beft when the 
Condudlor is covered with varnifli. 



EXPE- 
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Experiment XXL •" 



. ' STift^ daniing Battu 

<- Fix a pointed wire upon the prime Cott^ 
duiftor. With the pdint outward}* then take 
a glafs tumbler^ grafp it with your hai^ds^ 
and prefent its inlide farfac^ to the point of 
the wire upon the prime Coridudt^r, while 
the machine is in motion : the glafs in this 
manner will * foon becoqie charged ; for its 
infide furface acquires the Electricity frpni 
(he pointy and its outfide lofes its nittufal 
quantity'of eledric fluid through the hands^ 
tvhich fcrVeas a coating.— Xhis done, put a 
few pith-balls upon the table, .and cover 
theni with this charged glafs tumbler. The 
balls will immediately begin to leap up 
along the fides of the glafsjj .as reprefcnted 
fig, 15, Plate IL and will continue theif 
motion for a confiderable time» 

In this experiment the pith-balls are at- 
tracted and repelled by the eledtric fluid 
fuperinduced upon the infide furface of the 

glafs. 
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g^afs, which they gradually condwd to the,. 
tgble, or other condu(£tiag body upon which - 
thcglafa ifr fet; at the fame time that the 
outward, furface of the glafs acquires the^ 
cledtric flijud from the cxmtiguous air. 

^0 promote , th^ IB^vdporathn of Fluids^ . hy, 
' ' ' ine(^ns of EleUricityi . 

c Take two oqiial p6wter platesy and pour 
in each pf them ata equal ^«^ntity of 
water^ joft enough to \!m€t their bot- 
toms, and with the help of a pair of icales 
let thena be made equal in weight. This 
done, put one of the plates upon an infu« 
htted ftoo}> communicating with the prin^ 
Gondudbr of tb^ ele^rical machine^ and 
fitoate the other plate in fmne other pare 
of the roon^, where it may be in an equal 
degree of heat^ and equally estpofed to the 
^f as the other plate^ but only out of the 
influence of Bleftricity. Let now the ma-» 
chiiie bfe pot in ai^ion, ib as to keep the 
pricne C(«dui£tor^ afnd. the plate conneiaed 
with itj^ flrongly eleftrified* for about h^lf 
a9 hour or Joi^ger^ Then ilop the ma^ 

chine^ 
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chine, and weigh both the plates; it will 
be found, that the plate which has been* 
cicftrificd is the lighter : heoce it is plain, 
that the eleftrization has promoted the^' 
evaporation of the water contained in it; ^ 

The fame experiment tnay^alfa be made 
with fruit, with animals, with plants, and, 
in'flibrt, with any thing that is aftually eVa-" 
porating ; but in fome fuch caies, the elec- 
trization fhould be continued much longer ; 
and alfo other circumftances ought to be' 
taken into account, in order to render the 
effedl of Eleiflricity both fcnfible and cer-? 
tain* This experiment, is alfo attended withi 
the fame qffeift, whether the.eledrizationis: 
pofitive or negative ; hence we have another: 
reafon to difbelieye that negative elearizav 
tion produces any efFefts upon the human: 
body, diffeitent from the pofitive. One Mr. > 
KoESTLiN, who a few years ago publifliedi 
a differtation on the eiFe<as of Eleflricity 
upon fome organic bodie^^ pretended tO; 
have found, that both animal and vegetable 
life were retarded by negative eleflrifica-*': 
tion ; but I do not know whether the ex-^- 
periment was ever repeated by any body. 

clfe. 
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xi£c* The oddity and divcrfity of tSp&^ 
arifirig from experiments apparently fimilar, 
tfe fuch» that no perfon, converfant with 
experimental philofophy» ihould pofitively 
affirm any new natural law» that is indicated 
by a few fafts, which arc moftly of a dubi- 
ous nature; efpecially when many other 
confiderations feem toihewthe improbabi- 
lity of the aiTertion. 

Experiment XXIII. 

Tojhewtbat the Fluids of the Human Body art 
better ConduBors of EleStricity than Watery 

Take a glafs tube about one-fortieth of 
an inch in diameter, and nearly fix inches 
long, or rather two fuch tubes, exaftly equal 
in length and diameter ; and holding one of 
them with one extremity in water, let it be 
filled with that fluid. The water will foon 
fill the tube, in virtue of the capillary attrac- 
tion 5 efpecially if the tube be held inclined 
to the furface of the water. After the fame 
manner let the other tube be filled with 
blood, or fome gther fluid of the human 
body. Now let an cleftric jar be charged, 
and the circuit through which the jar is to 

be 
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be difcharged, let it be formed of one of 
thefe tubes ; td the extremities of whicft 
llender wires may be fitted fo as juft to toudh 
the fluid contained in it^ and atfo thb zrmi 
of a pcrfon that is defirous of trying tHe ex- 
periment. In this manner, if the dlfbharge 
of the jar be made feveral times, altcrrtafely 
changing the glafs tube, viz. ufing once that 
filled with water, then the other filled with 
blood, and ib on ; it will be found that the 
(hock is felt more fenfibly when the glafs 
tube filled with any fluid of the human body 
forms part of the circuitr than when the tube 
filled with water is ufed. 

The perfon who tries this experiment 
need not be afraid of the (hocksi becaufe 
their force is much weakened by going 
through the fluid contained in the glald 
tube. Befides, the ftrcngth of the (hocks 
flwuld not \ft greater thin may be juft felt. 
It is only neceflfary to charge the jar always 
equally high, which is eafily done by means 
of Mr. Lakb's Eledrometer, defcribed in 
the preceding pages. ^ 

After 
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After the like manner tEe degree of con-^ 
dufting power of various {abftances may hi 
afcertamcid; Thns it may be obfervdd, that 
fea- Water condnds better than friih Watei', 
and thatcomrrtort frefh water conducts bet- 
ter than diftfflcd water. The conda<aitti; 
power of fome powders may -be alfb tried 
in this manner. 

f 

Ex per; ME BIT ?:Xiy. 

^0 ireoM Jihalt Glafs Tu6es by means of an 
ekSlric Shock. 

iLet iiomc gbfe tubes be drrtwn witli the 
help of a blow*f)ipe9 nearly m the Ihape re^ 
prcienftdby A B, fig, 9, PI, 11, miz. narrow 
in the middle and larger towards their extre^ 
ofities. The diameter of the middle part 
flio«ld not exceed one-twentieth part of an 
inch. FiJl one of thefc tubes with water, 
after ihe manner defcribed in the preceding 
experiment, and infert two flcndcr wires 
through both apertures, the extremities off 
which, hi the tube/ (hoiild come within 
about one tenth of an inch of each other: — 
This done, let the tfifcharge of an eledtric 
•jar be mad?e thrdttgh this tube, "ntz. by. corf- 
"* - • 5 neding 
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ncAing the ring of the wire; A with - the 
outfidc of the jar, and the ring of the wire B 
with the infide of the faid jar^ and the 
tube will be broke with coniiderable vi«^ 
clence. The fame effed is produced when 
the tube is filled with any other liquor in« 
ftead of water* 

If the extremities of the wires within the 
tube are put fo far from each other, as to 
exceed' the diflance at which the charge 
of the jar can. leap in the form of a fpar^ 
therf the glafs tubes will not be broke. 

By this experiment we can hardly deduee 
any inftru<ftion relative to the fenfation of 
the fliock perceived by a perfon^ who forms 
the circuit in the diicharge of an ele<9:ric 
jar ; for we learn by the expef iraedt, that 
except any fpark happens within the water, 
the fineft and brittleft tube is not broke $ 
and therefore we may conclude, that the con* 
cuflion given to the tube by the (hock, when 
the extremities of the wires within it arc 
confiderably far from each other, is very 
little, if at all fcnfible. — Farther, it feems 
plain, that if inftead of one tube, the dif-^ 
charge of the jar was made throqgh one 

l;iundrel 
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hundred of one thoufand tubes, the impulfc 
of the (hock would be proportionably leffcri- 
cd ; and indeed we can hardly form any idea 
of the fmallnefs of its power in that cafe. 
How happens it then that a very fmall (hock 
fent acrofs the arms of a man, which Ihock, 
we may reafonably fuppofe, does notocca- 
lion any fpark within^he veflels of the body, 
is fenfibly felt, and produces an involuntary 
motion, when it pafles through innumerable 
veflels filled with fluids, which are far better 
condudtors than water ? 

The fubftance of. the veflTels of the hu- 
man body is certainly a lefs good condudor 
than the fluids contained in thofe veflTels ; 
but it can hardly be fufpedted, that the elec- 
tric fluid occafions the involuntary motion, 
&c, by going through that fubftance rather 
than through the fluids, which are much 
better conduftors. Perhaps that fudden 
involuntary motion is produced by the elec- 
tric fluid aiSing upon the nerves. But it 
feems that, independent of the already 
known parts of the human body, there is 
ibme other principle that accompanies the 
life of an animal, which is in a certain man- 
^ A a ncr 
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ner a cdndu^tor of el^ricity^ and wko#i 
aiSfcion ceaies a& (ban as the animal becooMs 
extin£^. It has been remarked it ieveral 
iof^ancesj tbast if an ek6tric fhdck paifet 
through a given part of a living animaf^ 
the fame fliock, after the animal ia dead, 
will be viiibly tranfmitled over the furfa^ 
of the fame part^ hut nol through it« 



Ex J^ERIM^H T XXV. 

To cryjia//ize Oil of Tartar fy mean^ qf 
EliSiric Sparks. 

Take a glafs tube about four inches longer 
and about one quarter of an inch in diame- 
ter^ open at both end^j^ and mof ftcn the iniide 
of it with oil of tartar per deliqtdum i then 
adapt two corks to the extremities oi this 
tube, and introduce a wire through each of 
them. The extremities of theie wire^ 
Vithin the tube ihoiild he ahoiit three quar? 
tcrs or one inch froni one another. Thig 
done^ connedt one of the wires with tl^e 
putiide coating of a pretty large ele^ric jar^ 
and the pthcf wire with thie difchargioi; 

fle(^ronieter{ 
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eledlrometer ; then let the jar be difcharged 
fcveral tithes through the tube^ and it will 
be often JFound, that the oil of tartar upon 
the infidefurfacc of jthe tub£> gives manifeft 
figns of cr5rfl:allization4 Now by ipxperi- 
ments iimilar to this^ fome ingenious perfo^is 
have pretended to ihew> that the eleftrid 
fluid contains an acid, which combining 
with the oil of tartar^ neutralises ij^ jand 
occafions the cfyftallization.'*— It has even 
been faid, that the phenomena of electricity • 
are the effefts of two principlos^ vki. an 
acidi which conftitutes the pofitive^ and an . 
alkali^ which conftitutes the negative elec- 
tricity. It would be ufelefs to endeavoui^ . 
to refute fuch an hypothefis, \vhen a very 
little acquaintance with the fiibje^a is iUffi- 
cicnt to manifeft its abfurdity. The.cry.ftal- 
lization has been with more juftice attri- 
buted to a quantity of jBxed air generated 
by the adtion of the ihocks pa the cpma>on 
air within the tubc^ 
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CHAP. XII. 

Further Properties of the Ley den Pbial, or 
charged EleSirics, 

• 

TH E properties of charged elcftrics, 
plain as they may appear at firft 
fight, and conformable to the commonly- 
eftabliflied theory of Eledricity, are yet, 
when attentively confidered, far from be- 
ing intirely underftood, fo as to require no 
further experiments, or leave no doubt in 
the mind of the fpeculative Eledlrician^ 
The firft queftion, that naturally occurs, 
in confidering a charged phial, is, Where 
does the fuperinduced elecflric fluid refide ? 

Is it lodged in the fubftance of the , 
glafs, or in the air contiguous to the fur- 
face of the phial ? In the firft cafe, if the 
cleftric fluid penetrates a certain quantity 
of the fubftance of the glafs, it. follows, that 
a glafs plate may be given fo thin, that the 
c^cfliric fluid may freely pervade its fub- 
ftance. 
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ftance *• If fuch a plate can be made, it 
will be eafy, from thence, to determine howr 
far the electric fluid can penetrate the fub- 
ftance of the glafs, when charged in the 
ufual manner. In the fecond cafe, if the 
eledtric fluid refides in the air contiguous 
to the glafs, it muft repel that air, /. e. a 
glafs bottle fhould contain lefs air^whea 
chargedl, than when in its natural ftatej 
but this is contrary to experience. 

The late Mr, Canton charged fomc 
thin glafs balls of about an inch and a half 
in diameter, having tubes of about nine 
inches in length, and afterwards fealed them 
hermetically. If thefe balls, when they 
were cold, were prefented to an eled:romc-i- 
ter, they (hewed no fign of Eledricity ; but 
if they were kept a little while near the 
fire, they then appeared ftrongly cledrical, 
and poflefled of that kind of Elcdlricity 
with which their infide had been charged. 

♦ I have often blown glafs balls fo thin, that their 
fubftance was lefs than one fix-hundredth part of an 
inch, and have always obferved, that they were capa-> 
ble of receiving a charge, which they retained for a 
coniiderable time, if they were not made very hot. 

3 * Mr. 
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:^n Canton xiircovefed £uther, <iiat if 
ifaefe btlls we keptiioder wftter» tbey rttaad 
their firtucfor a confidGraUe 6me, even fot 
kffctA years ^ but if tbey are often «fed^ 
thdr power b ibon ex1siaufted« It is obvi-* 
ons to remai:k» that the Eie£tricky> whid^ 
appears upon the outfide of thdk balls^ 
wfaen they ^re nendered hot^ /. e. when the 
gk& IS rendered a Gondu£k)r by the heat^ 
is not that EleiSbricity, which properly con^^ 
ftitutes the charge, but the fuperfluous 
EieAricity of itheir iofide ** 

As &)ft the Eledricity, which conftitutei 
the charge* it being j oft fudident to lba« 
Iffiice the contrary Eo6fcricity of the 'Oppo- 

^ If a charged jar be infulated, and diGcharged with 
at) Infolated difcharging rod, affter fhedifcharge both 
iRc fides ctf the jar, together ^ith the difcharging Toii, 
yrill be foimd pofieflfed of the £/Ie£h»ctty contrary tp 
the EUiStticiiy of that ilde ^of the |ar, which was 
touched laft before the difcharge^ which fhows that 
ont fide of a charged elearic may contain a greatef 
quantity of Eleflricky than that, which is fufficlenc 
to balance the contrary Electricity of the oppoCte 
fide. This redundant Eledricity (hould be carefully 
confidared in peribrmi^g experiments of a delicate^ 
nature* 

fite 
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0te furface of the gWs^ h will Toie kt 
power as fooa as it is arrived to diatfcHT-^ 
face, which in the cadfe of the above-iaaef}^ 
tioned balls, it a^ually reaches, before it; 
csin a6k upon the eU<^coaieter« - 

The moft remarkable phenomena pro^ 
diiced by charged ele£b:ics> are exhtbited 
with flat plates of glafs, jgintly chargedl^ 
like a (ingk coated plate. If two, gbis 
plates, having plain forfaces, be pbc&i one 
upon the other, and their outward furfaccs 
be coated with tin-foil, in the ufnal man«> 
ner of coating a fingle plate for the Leydea 
experiment, and then be cbargcid, by pre- 
fenting one coating to the prime Conduce* 
tor, and communicating the other with the 
earth, the plates (which we ihaU call A, 
and B) after having been charged, will ad-> 
here very firmly to ^ne another, and if Icpa- 
rated. A, viz. that, whofe coating was pre- 
fcnted to the prime Conduaor> will appear 
pofitive on both &des, and B negative on 
both iides. If thefe plates are laid in con- 
ta<3: as before they were charged, and are 
difcharged by making a communication 
■ J|)etwecn the two coated fides, they will be 

found 



Digitized by VjOOQ IC 



360 A Complete Treatise 

found dill to adhere to one another after 
the difcharge ; and if fcparated, they will 
appear ftill eledlrified, but with this re- 
markable difference, viz. that now A is ne- 
gative on both fides, and B pofitive on both 
fides. If thefe plates, after being difcharged^ 
Ibe feparated in the dark, ilafhes of light are 
perceivable between their internal furfaces. 
By laying the plates together, touching their 
coalings, and feparating them fucceffively, 
the flaflics may be obferved for a confidera- 
ble number of times, diminifliing by de- 
grees, until they quite vanifh. 

Father Beccaria explains thefe, and 
other fimilar phenomena of charged as well 
as of. excited eledlrics, by the following 
principle, which he diftinguiflies by the 
name of vindicating EleBricity. — When two 
bodies, either a Conductor and an ele<ftri- 
fied eleftric, or two contrarily and equally 
eleftrified eledlrics, are joined together, they 
adhere to each other, and their- Eleftricities 
difappear ; but as foon as they are feparated, 
the eledlrics recover their Eledtricities *• 

* See Beccaria's Artificial Elcarichy, Part II. 
SccVL 

Hovr 
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How far this principle can be of ufe to ex- 
plain the phenomena of charged glafs, &c. 
I will not take upon me to determine. It 
would exceed too far the limits of my work, 
if I were to enumerate and account for all the 
particulars minutely. When the principle is 
expreffed, the ingenious reader may eafily ap- 
ply it to explain the efFeftSn I (hall only 
mention an obfervation of Mr. Heni^y^ re- 
lative to this fubjeft, which feems not con- 
formable to Father Becc aria's theory; 
and with that I (hall conclude this Part 
of my work. Says Mt. Henly, in one 
of his papers prefented to the Royal Society, 
in which he defcribes the above-mentioned 
experiments of the two glafs plates : — - 
** Crown-glafs, that is, the glafs commonly 
*' ufed for fafli-windows, though fo much 
** thinner, fucceeds in this experiment as 
'^ well as the plate-glafs ; but what is very 
** remarkable, the Dutch plates, when 
" treated in the fame manner, have each a 
** pofitive and negative furface, and the 
** Ele(9:ricity of both furfaces of both plates 
*^ is exchanged for the contrary Eledricity 
" in the difcharge. If aclean, dry, uncoated 
** plate of lookiag-glafs be placed between 
B b " the 
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•* the coated looking-glafs plates, or bc- 
** tween the plates of crown-glafs, it ap- 
** pears, after charging, to be negatively 
" elcdtrified on both fides; but if it b<j 
•^ placed between the Dutch plates, it ac- 
** quires, like them, a pofitive Eledtricity 
*^ on one furface, and a negative Elcdtricity 
** on the other.'' 

In another paper Mr, Henly further 
obferves, that if the Dutch plates are fepa^^ 
rated immediately after being charged, they 
will then adt like two plates of looking- 
glafs, /• Cn one of them will be pofitive, and 
the other negative on both fides ; but if a 
little time be allowed before the plates be 
feparated, the experiment will conftantly 
fucceed as above *. 

♦ To this edition, a differtation on the vindicating 
EleSiricity has been added in the Appendix; which 
Vf'xW (hew, by plain experiments, this wonderful pro- 
perty of glafs, &€• whilft this chapter has been here re* 
printed juft as it was publifhed in the firft edition. 

THE END Of Vol. I. 
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